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FOREWORD

The IAEA initiated in 1990 a programme to assist the countries of eastern Europe and the former
Soviet Union in evaluating the safety of their first generation WWER-440/230 nuclear power plants. The
main objectives of the Programme were: to identify major design and operational safety issues; to establish
international consensus on priorities for safety improvements; and to provide assistance in the review of the
completeness and adequacy of safety improvement programmes.

The scope of the Programme was extended in 1992 to include RBMK, WWER-440/213 and WWER-
1000 plants in operation and under construction. The Programme is complemented by national and regional
technical cooperation projects.

The Programme is pursued by means of plant specific safety review missions to assess the adequacy
of design and operational practices; Assessment of Safety Significant Events Team (ASSET) reviews of
operational performance; reviews of plant design, including seismic safety studies; and topical meetings on
generic safety issues. Other components are: follow-up safety missions to nuclear plants to check the status
of implementation of IAEA recommendations; assessments of safety improvements implemented or proposed;
peer reviews of safety studies, and training workshops. The IAEA is also maintaining a database on the
technical safety issues identified for each plant and the status of implementation of safety improvements. An
additional important element is the provision of assistance by the IAEA to strengthen regulatory authorities.

The Programme is extrabudgetary and depends on voluntary contributions from IAEA Member States.
Steering Committees provide co-ordination and guidance to the IAEA on technical matters and serve as
forums for exchange of information with the European Commission and with other international and financial
organizations. The general scope and results of the Programme are reviewed at Advisory Group Meetings.

The Programme, which takes into account the results of other relevant national, bilateral and
multilateral activities, provides a forum to establish international consensus on the technical basis for
upgrading the safety of WWER and RBMK nuclear power plants.

The IAEA further provides technical advice in the co-ordination structure established by the Group
of 24 OECD countries through the European Commission to provide technical assistance on nuclear safety
matters to the countries of eastern Europe and the former Soviet Union.

Results, recommendations and conclusions resulting from the IAEA Programme are intended only to
assist national decision makers who have the sole responsibilities for the regulation and safe operation of
their nuclear power plants. Moreover, they do not replace a comprehensive safety assessment which needs
to be performed in the frame of the national licensing process.
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1. INTRODUCTION

One of the main safety issues identified for WWER 440/2133 units within the framework of
the Extrabudgetary Programme on the Safety of WWER NPPs is the bubbler condenser strength
behaviour at maximum pressure difference possible under LOCA conditions.

The bubbler condenser installed in the containment of WWER 440/213 units contains large
amounts of water. This provides steam condensation and radioactive products filtration after accidents
initiated by breaks of the reactor coolant system. The design of the bubbler condenser and the
adjoining air traps has the additional advantage of removing large amounts of air from the reactor
hermetic compartments in the initial phase of the accident and of keeping them in the air traps, so that
an underpressure is reached in the containment soon into the accident. Moreover, the design of the
bubbler condenser is such, that soon after the LB LOCA the water from the condenser shelves is
pressed out into the bubbler condenser tower, so that passive spraying is provided which quickly
reduces the overpressure inside the containment. All these features have a positive influence on the
radiological situation inside and outside the plant.

However, if these positive thermal hydraulic processes are to be realized, the mechanical
structure of the bubbler condenser and its elements must remain undamaged during the accident. If
the bubbler condenser structure (walls and caps) were to fail in the initial moment of the accident,
then the water would flow out of its shelves into the bubbler condenser tower. This would provide
sudden steam condensation and overpressure drop inside the containment, but the water would be lost
from the bubbler condenser shelves and in the subsequent stages of the process the bubbler condenser
would not be able to fulfill its functions according to the design.

The mechanical behaviour of the bubbler condenser should be studied in two major phases of
the accident:

the initial phase after LB LOCA, when the pressure in the bubbler condenser tower increases,
while the pressure above water trays remains at the initial value, i.e. close to the atmospheric
pressure;

the later phase, when the water locks get open, the pressures are nearly equalized, and the
processes of steam-air mixture flow through water layers can lead to oscillations of pressure
with possible mechanical interactions threatening the integrity of the bubbler condenser
structure.

The latter processes have been already studied in small scale and no adverse effects have been
found. Nevertheless, large scale experiments are planned and will bring final clarification of the
problem. On the other hand, the initial phase of the accident, with the pressure difference rapidly
increasing until the moment of opening of water locks, was not sufficiently studied at the time of
bubbler condenser design.

The analyses performed first by Polish organizations within the framework of an IAEA contract
[1], then by Ukrainian Energoproekt Kiev [2] and reviewed during the IAEA Consultants Meeting
organized within the framework of the Extrabudgetary Programme on the Safety of WWER NPPs [3]
showed that the mechanical design of the bubbler condenser (walls and caps) is unsatisfactory and
there is the danger of metal structure failure in the initial phase of an accident initiated by an
instantaneous double ended guillotine break of the largest pipe in the reactor coolant system.

The results of these evaluations were published in the IAEA-TECDOC-803 [4]. However, the
results of each set of calculations were different.

In order to obtain a final answer to the questions of bubbler condenser strength, the IAEA
concluded with the Russian specialists a contract on strength calculations of bubbler condenser



metallic structure. The Russian specialists work in SverdNIIchimmash, i.e. in the institute which
prepared the original mechanical design of the bubbler condenser and which is in charge of any
subsequent changes of this design. The scope of the calculations was limited to the chosen elements
of the bubbler condenser, which previously had been shown to be doubtful from the standpoint of
strength requirements. The value of the pressure difference to be assumed as the maximum pressure
difference acting on the bubbler condenser walls was determined to be 30 kPA, following the
conclusions of the IAEA Consultants' Meeting [3] which indicated this value to be sufficiently
conservative for safety analyses.

As the regulations in the domain of strength calculations being in force at the time of bubbler
condenser design did not correspond to the western practice and have been considerably changed in
Russia itself, the IAEA prepared "Guidelines for evaluation of bubbler condenser metallic structure"
[5]. They include proposed load combinations and admissible stress limits which reflect actual
international practice. These guidelines were used in the calculations performed under the IAEA
contract. In parallel with it, the code of strength calculations presently in force in Russia [6] was also
used, and the calculated stresses are compared to both these sets of requirements.

The results of the Russian analysis [7] presented in the material contained as an Annex to this
report confirmed previous concerns and showed that the strengthening of some elements of the
bubbler condenser is necessary, both basing on IAEA guidance and on Russian codes.

The pressure difference taken as the basis for the strength evaluation can appear only in the case
of a LB LOCA which occurs instantaneously. If LB LOCA occurred not instantaneously but e.g. over
1-2 seconds, the peak pressure differences would be smaller and the integrity of the bubbler condenser
structure would not be challenged.

Since the occurrence of LB LOCA is estimated to be very rare, and a truly instantaneous LOCA
is even less probable, the probability of a situation where the bubbler condenser would fail is
considered remote. Nevertheless, it belongs to the envelope of DBA conditions. Thus, the weaknesses
in the mechanical design of the bubbler condenser make defence in depth questionable under DBA
conditions. Therefore the weaknesses of the design are to be corrected.

The strengthening of the design is also necessary due to the fact that so far it has not been
clearly determined what pressure differences would act in other moments of transients due to LOCA
or steamline breaks. Although the exact values of pressure loads are not known yet, the strengthening
of the bubbler condenser structure will eliminate the weak points, which otherwise might become the
failure points under other conditions. Thus, the maximum pressure differences possible after an
instantaneous LOCA can be considered as the envelope of various possible pressure differences,
challenging the strength of the bubbler condenser structure.

The weaknesses identified in the design can lead to significant damage to the bubbler condenser
and question its safety function. This in turn can lead to the damage of the containment, that is
question the third barrier against release of the radioactive products. As the second barrier is assumed
to be lost in the effect of the initial event, and the first barrier is threatened, four levels of the defence
in depth strategy, from 1 to 4, would be affected.

In view of the importance of the results of the strength calculations of the bubbler condenser
for further decisions on possible reconstructions of bubbler condenser structures, it has been deemed
necessary to perform a peer review of the calculations before they are accepted as the basis for further
work.

The peer review considered the correctness of assumptions taken for the calculations, the
physical modelling of the elements of bubbler condenser structure, the simplifying assumptions taken
in the calculations, the degree of conservatism in the calculation models and methods, and
interpretation of results.



The feasibility of previously suggested safety improvement measures was also addressed.

The participants of the meeting on peer review were the experts who have already made their
own strength calculations for WWER 440/213 bubbler condenser structures or who had experience
in strength calculations of similar structures. The list of participants in given in Appendix 1.

The results have confirmed that the weak points indicated in previous calculations should be
strengthened. Some suggestions were given concerning possible ways of strengthening the bubbler
condenser structure. However, as the required work is extensive, and the conditions of its realization
are difficult, it was recommended to conduct site specific reviews of the actual situation in bubbler
condenser structure in each plant before any final recommendations can be formulated.

The results of this peer review are presented below.



2. DETAILED EVALUATION OF CALCULATIONAL RESULTS

The evaluation of the calculational results for the main structural elements of the bubbler
condenser has been based on the analyses performed by the experts before the meeting and on the
detailed discussions during the meeting. The analyses performed before the meeting by Ukrainian and
Slovak specialists have resulted in the conclusions included in the reports [8-9], given in Annexes 2
and 3. However, these preparatory analyses were subject to changes in the course of the discussions
held at the meeting. The final opinions of the experts are presented in the following pages and
summarized in chapter 3.

In order to facilitate finding the comments of the experts on various parts of calculations, and
also to provide easier evaluation of the bubbler condenser strength, the results of the peer review are
presented in the form of standard sheets, which first of all characterize the calculated element or joint,
then provide indication on the assumptions and calculation methods, and finally include comments of
the IAEA experts.

The sequence of review follows the sequence of calculations presented within the IAEA contract
(Annex 1). The numbers of sections are the same as in Sverdniichimmash calculations, namely:

5.1 Bottom plate of the tray:
Stiffening ribs (Section 5.1, element 5 in Fig. 2).

5.2 Side walls of the trays and caps with stiffening ribs:
(Section 5.2, elements 7,8,9 and 10 in Fig. 2).

5.3 Tray bottom sheet with joint intermediate band and their welds:
Tray bottom sheet ( Section 5.3.1, element 4 in Fig. 2).
Welded joints of tray bottom sheets (el. 4) and intermediate band (el. 3 in Fig. 2).
Intermediate band (section 5.3.3, el. 3 in Fig. 2).

5.4 Tray ceiling plate with stiffening ribs and intermediate band (Section 5.4).
Ceiling plate (element 13 in Fig. 2).
Ceiling ribs stiffening ribs (element 13 in Fig. 2).
Weld fixing the ceiling plate to I beam stainless steel intermediate band (el. 14 in Fig. 2).

5.5 Side walls with stiffening ribs (Section 5.5).
Stiffening rib (element 12 in Figs 1 and 2).
Sheet side wall (element 12 in Figs 1 and 2).
Intermediate band (element 3 in Fig. 2).

5.6 Face wall with stiffening ribs (Section 5.6).
Face wall (element 11 in Figs 1 and 2).
Stiffening ribs of the face wall (element 11 in Figs 1 and 2).

5.7 Load carrying I-beams (section 5.7).
Intermediate I beams of the lower floor (element 1 in Figs 1 and 2) (Section 5.7.2).
Intermediate I beams of the second and higher floors (element 1 in Figs 1 and 2) (Section
5.7.3).
Extreme side I beams of the lower floor (element 1 in Figs 1 and 2) (Section 5.7.5).
Side I beams of the second and higher floors (el. 11 in Figs 1 and 2) (Section 5.7.6).

5.8 Seismic analysis of I beams (element 1 in Figs 1 and 2), (Section 5.8).



SECTION1 5.1. HORIZONTAL STIFFENING RIBS IN THE BOTTOM PLATE OF THE TRAY

Element 5 of Fig. 2

Material:

Stainless steel 12 H 18 N 10 T (0.12% of C, 18% of Cr, 10% of Ni, addition of Ti, original Russian
symbol 12X18H10T) .

Geometry:

T-shaped" rib welded (continuously) to the bottom plate of the tray.

Drawing number in the Sverdniichimmash report: Figs 3 and 4.

Boundary conditions (assumed fastening, co-operating elements):

The ribs are considered as a continuous beam (7.265 mm long) with intermediate supports each
750 mm. At the extremes the ribs may be considered as hinged ones, Fig. 4.

Load distribution:

Accident pressure: 0.030 MPa uniformly distributed (Fig. 4).
Water level inside the tray: 0.005 MPa uniformly distributed (Fig. 4).
Seismic loads: not considered.
Metal dead load weight: negligible.

Loads are calculated too conservatively. According to Ukrainian expertise, such a conservatism can
be qualified as an error.

Calculational model of the element:

Beam of 750 mm length, hinged at the extremes (Fig. 4).
Beam section composed of the "L-beam" (40 x 60 x 3) plus a piece of bottom plate 186 mm wide
(Fig. 3).

Stresses (symbol, value calculated, relation to the admissible value):

ab = 202.5 MPa < a allowable (rib in the middle)
256 MPa > a allowable (rib at one side calculated with conservative

assumptions)
112 MPa < a allowable (rib at the end)

Strengthening necessary (yes/no):

None for the ribs, but the designer proposes to treat the assembly of the bottom plate, tray-cap system
and horizontal ribs as a rigid element.

Proposed strengthening method:

None for the ribs, but additional reinforcements are proposed for the cap side walls, as shown in
Fig. 10.

Section in the Sverdniichimmash calculations.
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FIG. 1. General view of the bubbler condenser structure.
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1 - load carrying beam (I-beam), 2- beam support bearer, 3 - stainless steel intermediate band, 4 -
tray bottom, 5 - angle bar stiffening rib, 6 - stainless steel upper band, 7 -cap, 8 -cap side wall, 9 -
cap wall stiffening rib, 10 - cap top stiffening rib, 11- face wall with stiffening ribs, 12 -side wall with
stiffening ribs, 13 - ceiling plate, 14 - weld fixing the ceiling plate to the I-beam.
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1.2- дополнительное, ребро; 3-подкладноя лист.

Рис.10. Предлагаемый вариант усиления вертикальннх ребер на

1.2- additional rib: З-backInß sheet.

Fie.10. A proposed variant for vertical rib strengthening on
tray caps.

1 - new additional stiffening plate, joining all 9 caps

Fig. 10a Another variant of strengthening the tray caps system
with a new stiffening plate



Comments of the consultants:

1. In order to assure that the rib can work like a hinged beam between two trays, it would be
necessary to increase the bending stiffeners of the cap side walls. The designer proposal, shown in
Fig. 10, may be a good solution, but it could be complemented with a horizontal rib welded at the
top of the caps and at the front side and liner plate as shown in Fig. 10a.

2. An alternate method could be to remove the L-shaped rib that exists and reinstall it above the
vertical ribs of the cap side walls.

3. In any case, the necessity of this improvement shall be evaluated with more detailed calculations
taking into account the behaviour of a complicated thin wall structure.

4. The calculations of bending stresses in the rib closer to the load carrying beam (I-beam) are
very conservative. A tentative pressure distribution area between this rib and the load carrying beam
would be as shown in Fig. 3a.

COO

"500
«—. ^

r
P. (0.030 - 0.005) = 0.025 MPa

Fig. 3a. A More realistic scheme for bending stresses calculations
proposed by the consultants

The bending stiffness of the I-beam is very large in comparison to the stiffness of the L-beam.

Moment of inertia of the I-beam: 75450 cm4

Moment of inertia of the L-beam: 19.18 cm4

With this assumption, the calculations of point 5.1.2 (page 14) will be substituted by:

q1 = (0.030 - 0.005) (300 + 230) = 13.25 N/mm

b 15
x 202.5 = 179 MPa

lower than the maximum allowable value for Russian and IAEA criteria.

10



5. The rigidity of the cap will influence the behaviour of the bottom sheet. In calculations it was
assumed that this rigidity is high. However, the system is made up of thin wall sheets. Therefore the
rigidity of the system should be checked by calculations. If it is satisfactory, there will be no need
for additional horizontal beams. If the rigidity is insufficient, ways of strengthening should be
considered.

For recalculation of "CS design", it has to be taken into account that:

(i) the horizontal stiffening ribs have the geometry of 45 x 55 mm instead of the Russian one
which is 40 x 60 mm (worse input for CS); and

(ii) the distance between CS is 650 mm instead of 750 mm in Russian plants (better input for CS).

6. In calculations which have been submitted for review the presence of the upper L angle rib has
not been taken into account,. This rib is offset in relation to the vertical ribs as shown in Fig. 4. The
horizontal stiffening rib above the caps should be situated in the same plane as te vertical ribs. This
point is further discussed below, in section 5.2

7 Ukrainian expertise underlines, that the calculations of the bottom plate showed, that the plate
can work even without the horizontal ribs [10]. The consultants agree with this statement, Thus, if
the rigidity of the system is sufficiently increased as recommended in point 5.2, then there is no need
to strengthen the horizontal ribs of the tray bottom sheet.

II



SECTION 5.2. SIDE WALLS OF TRAYS AND CAPS WITH STIFFENING RIBS

Elements 7, 8, 9 and 10 of Fig. 2.

Material:

Stainless steel 12 H 18 N 10 T.

Geometry:

Assembly formed with plates of 3 mm thickness, Fig. S.

Drawing number in Sverdniichimmash report:

Figs 5 and 6.

Boundary conditions (assumed fastening, co-operating elements):

The side walls of the trays are continuously fixed to the bottom plate. The side walls of the caps are
fixed to the bottom plate with three thin stiffeners (3 mm) and at the extremes. There are no structural
interfaces or junctions between the caps and the trays.

In calculations it has been assumed [7] that the walls of the trays and caps create a single beam with
hinged joints to the end supports.

Load distribution:

Accident pressure: 0.030 MPa (side wall caps).
Water level inside the trays: 0.005 MPa (side wall trays).
Seismic and hydrodynamic loads not considered.

Calculational model of the element:

Fig. 7: for side walls of trays.
Fig. 8: for side walls of caps.
Fig. 9: for vertical ribs on cap side walls.

Stresses (symbol, value calculated, relation to the admissible value):

a^. 10.8 MPa (tray side walls) < (a)2.
a^: 278 MPa (caps side walls) local < (ff)RV.
o^: 98 MPa (caps side walls) membrane < (<r)2.
a^: 2018 MPa (vertical ribs) < (a)2.

There is no evaluation of the stresses in the lower part of the cap wall, where the triangular cut-outs
lead to stress concentration [10]. This part of the wall is subject to compression streses within the
beam and there is nothing to prevent its loss of stability [10].

Strengthening necessary (yes/no):

Yes, for vertical ribs.

12
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Proposed strengthening method:

Increase the size of the vertical ribs in caps side walls, as indicated in Fig. 10 and connect them with
each other to provide a joined structure. Ukrainian analysis [10] suggests another way of
strengthening the vertical ribs, as shown in Fiig. A of App. 3.

The installation of an additional horizontal rib on the top of all caps is subject to further analysis. If
the calculations show that this to be necessary, then additional ribs could be installed as shown in
Fig.Bof App. 3 [10].

Add a horizontal rib in the lower part of the side walls of the caps. This will not only decrease local
stresses in the apexes of triangular cut-outs in the wall, but also will improve operation of the side
wall of the cap, which provides a beam stiffening of the tray bottom plate. This proposal should be
carefully analyzed and additional calculations should be performed taking into account all kinds of
loads and the complex thin walled structure of the trays. [10].

Comments of the consultants:

1. The recommendation to increase the size of the vertical ribs in cap side walls is supported.
Besides, it could be necessary to put a new stiffening plate ( = 55 x 5), in the horizontal direction
above the upper part of the cap. This new plate would be welded to the 9 caps as shown in Fig. 10a.
(See comment in point 5.1).

2. The more important loads for cap and tray side walls are the LOCA hydrodynamic loads
(condensation, oscillation, pool swell, etc.) and seismic loads with coupling effects between the water
and the structures. It would be important to calculate the eigen frequencies of these components and
to check that they are not contained in the range of frequency excitations.

3. The simulation of the behaviour of this structure (thin walled) with simple calculations could
not be correct and did not consider the influence of some parts on other elements. A finite element
model (FEM) should be developed (only one part representative of the rest) and then the calculations
could be performed.

4. The L-shaped beam referenced as 10 in Fig. 2, has not been analyzed.

5. From the thermohydraulic point of view, it is not recommended to make new holes in the cap
side walls, which was proposed in the Sverdniichimmash analysis.

6. The Ukrainian approach to 5.2 should be considered. According to its conclusions, (concerning
section 5.2.2.2 in [7],) additional horizontal ribs at the lower end of the cap side wall would be
effective in reducing stress concentrations in the singular points of the traingular cut-outs foreseen for
air-steam mixture flow. The IAEA consultants believe, that at the actual stage of the study of the
problem, the installation of additional horizontal ribs in the lower parts of side walls of the caps above
the trays is not obligatory as the local concentration of stresses is important for fatigue behaviour but
would not cause sudden failure of the cap in the initial stage of an accident. Estimation of influence
of local stresses should be provided at the stage of fatigue calculations, taking into account the forces
and regimes really existing in the structure.

7. Installation of an additional vertical plate of 3 mm thickness connecting the vertical ribs on the
cap side walls as shown in fig. 10b would prevent sloshing effects in the case of an earthquake and
possibly in the later stages of LOCA. It would also increase the stiffeness of the assembly. Is seems
that one such plate per cap would be sufficient. Then the ribs could be 3 mm thick, not 5 mm as
suggested above. The upper plate joining the caps would be still needed.

16



SECTION 5.3. TRAY BOTTOM SHEET WITH JOINT INTERMEDIATE BAND AND THEIR
WELDS

Section 5.3.1.

Element No. 4 of Fig. 2

Tray bottom sheet.

Material:

Stainless steel 12 H 18 N 10 T.

Geometry:

Plate 3 x 750 X 1920 mm

Drawing number in Sverdniichimmash report:

Figs. 2, 3, 4

Boundary conditions (assumed fastening, co-operating elements):

1 variant: hinge fastening over all sides, edges are secured from horizontal

movements.

2 variant: hinge fastening and two sides can shift freely.

Load distribution:

Uniformly spread pressure drop AP = 30 kPa and water column pressure AP (H2O) = 5 kPa.

Calculational model of the element:

Plate sheet is considered as a membrane with two variants of fastening.

Stresses (symbol, value calculated, relation to the admissible value):

1 variant: am = 67.7 MPa < [a] = 176 MPa

(a)2 = 105 MPa < [a}2 = 227 MPa (Russian) or 208 MPa (IAEA)

2 variant: am = 95.0 MPa < fa] = 176 MPa

(a)2 = 184 MPa < [a]2 = 227 MPa (Russian) or 208 MPa (IAEA)

Strengthening necessary (yes/no):

No.

Proposed strengthening method:

None.

17



Comments of the constdtants:

1. The consultants agree that the bottom plate does not require strengthening.

2. Local stresses in the area of connections to the drain pipes should be evaluated.

18



Section 5.3.2.

Elements 3 and 4 in Fig. 2

Welded joints of tray bottom sheets (element no. 4) and intermediate band (element no. 3).

Material:

Stainless steel 12 H 18 N 10 T

Geometry:

Fillet welding joint, vertical height equal 3 mm.

Drawing number in Sverdniichimmash report:

No. 13

Boundary conditions (assumed fastening, co-operating elements):

Co-operating elements No. 3 and No. 4 in Fig. 2.

Load distribution:

Transverse load from pressure drop AP =30 kPa on tray sheet transferred through all welding joints
plus hydraulic column AP (H2O) = 5 kPa plus heating from 20°C to 100°C.

Calculational model of the element:

Fillet welding joint, on the calculation length of 236 mm. Heating effects considered.

Stresses (symbol, value calculated, relation to the admissible value):

T = 37.2 + 7.6 + 9.5 = 54.3 MPa <0.65.176 = 114 MPa.

Strengthening necessary (yes/no):

No.

Proposed strengthening method:

None.

Comments of the consultants:

1. Heating of the structure in case of an LB LOCA comes after the initial pressure load.
Therefore, superposition of thennal stresses and pressure loads is not needed. Anyway, stresses are
lower than the allowable ones. Strengthening of the welds is not needed.
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Section 5.3.3.

Element No. 3

Intermediate band

Material:

Stainless steel 12 H 18 N 10 T

Geometry:

Sheet 3 x 236 x 7250 mm

Drawing number in Sverdniichimmash report:

Nos. 2, 13, 15, 14

Boundary conditions (assumed fastening, co-operating elements):

Co-operating elements continuously welded to I-beams, tray sheets

fastening: hinge type

Load distribution:

The sheet is considered as a beam of single width with thickness of 3 mm subject to transverse
pressure load acting on the side wall of the tray. It is 18450N, which for a beam of 236 mm width
gives Q = 78.2 N/mm (per unit of its width). Additional loads are due to heating.

Calculational model of the element:

Beam 1 = 236 mm with hinge fastening.

Stresses (symbol, value calculated, relation to the admissible value):

Bending stresses due to the deflection of the intermediate sheet:

ab = 6384 MPa > [a].

Strengthening necessary (yes/no):

Yes.

Proposed strengthening method:

(1) Continuous welding joint throughout the length of 240 mm.

(2) To completely eliminate the effect of temperature expansion of tray sheets on a welding joint
it is recommended to weld a sheet (strip) between the ends of tray sheets (see Fig. 15).

Comments of the consultants:

1. The proposed strengthening method with the use of an additional strip is not obligatory as
thermal stresses in welding joints are lower than permissible.
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2. Additional stiffeners could be installed as shown in Fig. 13a.

3. Another method of strengthening the joint between the tray sheets and the intermediate sheets
is shown in Fig. ISa.

A (1:10)

\f\f\

i-tray sheet; 2-backIng sheet; 3-tray face surfaces-calculated length of
a «eldine seai. H

Fig.13. Tray sheet fastening to a I-beai.

new stiffeners

Fig. 13a Additional stiffeners preventing bending of the
intermediate plate
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Fig.14. Calculation scheie for the determination of stresses
froi bending of an Intenedlate sheet.

1-tray sheet; 2-1nteraedlate sheet.

Fig.15. fl recoiiended iode of carrying out a welding Joint for
tray sheets tilth an I-beat.

1 - tray sheet, 2- intermediate plate, 3 - existing welds,
4- new continuous welds

Fig. 15a Another mode of strengthening the joint between the
tray sheets and the intermediate sheets, recommended by the
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SECTION 5.4. BUBBLER CONDENSER TRAY CEILING PLATE WITH STIFFENING RIBS
AND INTERMEDIATE BAND

Fig. 2: item 13, ceiling plate and its stiffening ribs
item 14, weld fixing the ceiling plate to (I-beam) stainless steel intermediate band (the same
as item 3, but on the lower part of the I-beam).

Material:

Stainless steel 12 H 18 N 10 T

Geometry:

Plate: 1950 x 7250 mm
Ribs: U-shaped, length 1950 mm, sides 60 X80 mm 700 mm step (on the internal surface of the

plate).
Band: 210 x 7250 mm

All elements have a thickness of 3 mm.

Length between I-beams is 2000 mm.

Drawing number in Sverdntichimmash report:

See Figs 16 and 17.

Boundary conditions (assumed fastening, co-operating elements):

Plate: Longitudinal sides of plate - rigidly fastened to I-beam through intermediate band (by
continuous welds). In transverse direction the plate is reinforced with ribs (by discontinuous
welds of 50 mm length each, at 100 mm intervals). The front edge is connected to the front
wall (see section 5.6) and the rear edge to the liner by welding - this detail should be
reviewed).

Ribs: See above.

Band: Connected on both its longitudinal sides to I-beams and in parallel lines with them (disposed
25 mm from I-beam axis) to the plate by continuous welds.

Load distribution:

Plate: Pressure drop of 30 KPa (plus its own weight) in a vertical direction. Loads from AT
(temperature differences) in a horizontal transverse direction.

Rib: See Fig. 18.

Band: See Fig. 14 with appropriate changes of geometry (50 instead of 80).

Calculational model of the element:

Plate: As a membrane, at its shorter side rigidly fastened, without the action of ribs (see Fig. 22).

Rib: See Fig. 18. The ribs are calculated for maximum pressure difference 30 kPa, but possible
plastic deformation is not taken into account. In reality they will be deformed and will work
together with the ceiling sheet.
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1- a plate of the step ceiling; 2- a stiffening rib; 3- an Interme-
diate plate; 4- an additional plate.
* - according to the drawing AC.277.00.00.00.CE for HPP "PAKSR-1"
the veldlng Joint is a continuous one.

Fig.16. Fastening the plate of the step celling to the load -
carrying beats.

I- strengthening of «eldlng Joints. ~~

1,2,3 - elements as described above in Fig. 16, 4 - additional
weld, which exists in Paks NPP as a discontinuous weld ( 50
mm long per every 100 mm). In the proposed design it should
be a continuous weld.

Fig. 16a An alternative method of strengthening the joint
between the plate of the ceiling with the load carrying beams.
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1- a side wall; 2- a stiffening rib; 3- an Intermediate sheet.

Fig.17. Fastening the side sails of a babbler - condenser_and
their ribs to the I-beais.

N 1 1111111 i | T1 t

9n

Fig.IB. Calculation seheie for detentnation of stresses In
stiffening ribs of a step ceiling.
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Band: See Fig. 14 (with appropriate changes of geometry (50 instead of 80).

Stresses (symbol, value calculated, relation to the admissible value):

Plate: Membrane stresses (MPa).

(a), = 151.6 < [(a),] = 176 (R)
(ff)j = 173.3 < [(<r)J = 227 (R)
(o)RV = 173.3 < not available (R)
(a), = 151.6 > [(a),] = 139 (A)
(a)2 = 173.3 < [(a)J = 208 (A)

Note: (R) - Russian standards.
(A) - IAEA guideline.

The stresses in the plate have been calculated without taking into account the action of the ribs. In
spite of that, only in one case the stresses are higher than a reference value, which folloows from
IAEA recommendations, not from Russian standards. Taking into account that the span of the plate
has been assumed in calculations as equal to 1950 mm, and in reality it should be 1875, and taking
into account the interaction of the plate with the deformed ribs, it can be expected to get in the result
of detailed calculations the values of stresses below admissible values.

Ribs: Bending stresses (MPa).

(a), = 331.7 > [(<r)J = 227 (R)
(a)2 = 3 3 1 . 7 >[(a)J = 208 (A)

if (a)2 = (a)RV then
(a)RV = 331.7 < [(a)RV] = 378

Band: Tangential stresses (MPa).

(TQ) = 12.9 < [r] = 88
( T J = 112.5 > [T] = 88

the temperature impact was neglected.

Strengthening necessary (yes/no):

In Russian design:

Plate: No.
Ribs: No.
Band: Yes.

In CS design:

Plate: No.
Ribs: Yes.
Band: Yes.

In Ukrainian analysis [10] it has been observed, that the stresses in the welds between the
bottom plate and the intermediate plate equal to 112.5 MPa are higher than the stresses 88 MPa,
taken in the calculations are admissible ones. However, according to the standard SNiP 11-23-90
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"Steel structures" being in force in Russian Federation and Ukraine, approved method of calculating
admissible stresses in welds, the value of
185/1.5 x 1.4x0.8 = 138 MPa
is obtained, where 0.8 coefficient accounting for testing less than 10% of the whole length of the
weld. The Ukrainian expert proposed to consider the applicability of above mentioned approach, since
the extent of work needed to strengthen the welds is very large [10].

Proposed strengthening method:

See Fig. 16. There are two possibilities:

to provide additional band, welded as shown in detail T i n in [7], not shown in this report.

to do a continuous weld between the band and the plate marked as "A3 50/100", shown as
No. 4 in Fig. 16a.

Suggestions for CS design: see comments below.
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Comments of the consultants:

1. In CS design it will probably be necessary to strengthen (in addition to the Russian proposal)
the ribs (e.g. by doubling them), and the bands (by connecting it to I-beams with the same method,
as is proposed in the Russian calculation for the bottom part (see chapter 5.3 and Fig. 15). This is
however very difficult to do. It is better to use another method, namely to join the two stiffening ribs
( No 2 in Fig. 16) with additional section

2. The experts agree with the Russian conclusions with one exception: they do not recommend the
stiffening marked as detail I in Fig. 16.

3. The Russian conclusion is valid for doing comparison with Russian standards. If there is need
for comparison with other standards (e.g. with recommendations of the IAEA guidelines) with lower
allowable stresses then it is recommended to recalculate the plate (membrane) stress by means of a
less conservative approach taking into account e.g. the real length of the shorter side of the plate. If
it is not enough, it is recommended not to neglect the action of the ribs (reinforce them in such a way
that they will create a fastened boundary for the plate and in this way decrease the calculational area
of the plate).

4. This last measure will probably be sufficient, provided that the conclusion about the stiffening
marked as "b" is implemented (see Fig. 16a).

5. The reinforcing of the ceiling plate is not necessary.

6. It is proposed to weld the intermediate plate to the ceiling plate as indicated in Fig. 16, but with
a continuous weld Fig. 16a, b, c. (These welds exist in Paks NPP but not in the rest of the
NPPs.) With these new welds the reinforcement of the intermediate plate is not necessary.

7. It could be necessary to strengthen the ribs if new calculations demonstrate that the ceiling plate
stresses are higher than the maximum allowable values.

8. The compression and bending loads due to the action of the front wall should be taken into
account unless they can be excluded by structural changes.

9. The existing rib is not connected with the lateral wall. It should be prolonged and welded to
the side wall.

10. The behaviour of the inclined plate against pressure should be checked, particularly the upper
horizontal welding.
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SECTION 5.5. SIDE WALLS WITH STIFFENING RIBS

Section 5.5.1.

Section 5.5.2.

Element No. 12

Bubbler condenser side walls with stiffening ribs.

Material:

Stainless steel 12 H 18 N 10 T.

Geometry:

Side walls together with stiffening ribs H = 2764 mm, H = 2600 mm, H = 3776 mm (for upper
floors).

Drawing number in Sverdnuchimmash report:

Nos. 2, 17, 18, 20, 21, 23, 24.

Boundary conditions (assumed fastening, co-operating elements):

Stiffening ribs of II form are rigidly fastened, their dimensions being 3 x 60 x 115 mm.

Load distribution:

Linear load on the ribs q̂ p = 18 N/mm due to pressure drop AP = 30 kPa..

Heating up to 100°C.

Calculational model of the element:

Beam with rigid end supports. Heating effects separate from AP. The assumption of rigidity should
be proven by calculations of supports.

Stresses (symbol, value calculated, relation to the admissible value):

ab = 294.6 MPa > [(a)J = 208 MPa (for H = 2764 mm).

ab = 550 MPa > [(a)J = 208 MPa (IAEA) (for H = 3776 mm).

Strengthening necessary (yes/no):

Side walls between the ribs are sufficiently strong, provided the ribs fulfill their task.

Strengthening of vertical ribs is necessary.

Proposed strengthening method:

Increase the number of ribs. The number of ribs with the length of up to 2766 mm must be doubled.
The number of ribs with the length of 3776 mm must be tripled. To eliminate the effect of
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temperature increase on the stability, additional ribs must be disposed on the inner surfaces of the side
walls.

Comments of the consultants:

1. It is necessary to reinforce the ribs. The consultants propose to increase the inertia moment and
cross section of the ribs instead of increasing two or three times the number of ribs.

2. The thermal stresses (due to the restriction of thermal expansion of the ribs) should be
considered as secondary and peak stresses which influence only the fatigue behaviour of the ribs. In
any case, the maximum temperature will not be reached simultaneously with the maximum AP during
LOCA.

3. In the case of the "CS design" different geometry of the outside stiffening ribs will have to be
taken into account, but strengthening will also be needed.

4. It is recommended to check the local junction of the feedwater pipe with the side wall.

5. The compressive loads due to the pressure on the bottom of the first tray should be considered
in the analysis of the ribs.

6. After reinforcing the vertical ribs ( by increasing their number and/or cross section)the loads
from the side walls onto the intermediate plates above and below will be practically eliminated.
This means that there will be no necessity to add a new continuous weld between the
intermediate plate and the bottom plate.

7. A calculation of welded joints of the support parts of the vertical ribs should be made to check
whether it is necessary to increase the length of welded joints and add local reinforcing
profiles. [10]
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A-A noiepnymo

600

1- sheet of the side nail: 2- backing sheet; 3- additional short
ribs: 4- an additional rib.

Fie.20. A variant of side vail strengthening.

A-A

i - a face wall; 2- a side wall: 3- a rib; 4- a backing sheet;
5- a tray plate; 6- a plate of a step celling.

Fig.21. Binding the face and side walls on outer I-beais.
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6+L

Ffg.22. Calculation scheie for the determination of critical
stresses tn tray sheets and step celllne.

1- a backing sheet; 2- an additional rlb;3.4- additional connections
on face and side walls.

Fig.23. Strengthening the face and side nails.
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C)

1- I-beats; 2- additional connections for face walls; 3- additional
connections for side walls; 4- a face wall; S- a side wall.

Fig.24. Uarlants of additional connections strengthening; -
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Section 5.5.3.

Element No. 12, Fig. 2

Side wall sheet.

Material:

Stainless steel 12 H 18 N 10 T.

Geometry:

Plate: 3 x 2764 x 7250 mm

Drawing number in Sverdniichimmash report:

Nos. 1, 2, 17, 18, 20, 21, 23, 24

Boundary conditions (assumed fastening, co-operating elements):

Hinge fastening. Long sides are secured from horizontal movements.

Load distribution:

Pressure differences acting on the surface AP = 30 kPa.

Calculational model of the element:

The sheet is considered as a membrane without any intermediate ribs, because it is assumed that the
stiffening ribs with 600 mm spacing will fail.

Stresses (symbol, value calculated, relation to the admissible value):

Membrane stresses:

(a), = aa = 191.3 MPa > {176 MPa - Russian; 139 MPa - IAEA}

Maximum total stresses:

(a)2 = 208.5 MPa <, {227 MPa - Russian; 208 MPa - IAEA}

Strengthening necessary (yes/no):

Yes.

Proposed strengthening method:

Increase the rib number. The number of ribs with the length of up to 2766 mm must be doubled. The
number of ribs with the length of 3776 mm must be tripled. To eliminate the effect of temperature
increase on the stability, additional ribs must be disposed on the inner surfaces of the side walls.

Comments of the consultants:
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1. Stresses in the sheets of the side walls have also been evaluated assuming that they have been
already strengthened by ribs at intervals of 300 mm. The values of stresses thus obtained are
significantly lower than the permissible one am = (0), = 4.78 MPa.
2. It is clear that for ribs situated at intervals of 600 mm the stresses acting under the influence
of AP = 30 kPa will also not exceed the permissible ones, if the ribs do not fail.

3. These conclusions (results) are also valid for Element No. 11 in Fig. 2 of the Sverdniichimmash
calculations, i.e. for the face wall with stiffening ribs.
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Section 5.5.6. Intermediate band on side walls

Element No. 3 of Fig. 2.

Intermediate band on side walls.

Material:

Stainless steel 12 H 18 N 10 T.

Geometry:

Strip 3 X 200 x 7250 mm

Drawing number in Sverdniichimmash report:

Nos. 19, 20.

Boundary conditions (assumed fastening, co-operating elements):

Hinge support.

Load distribution:

The band is considered as a beam of single width with thickness of 3 mm loaded per unit of its width
with Q = 573.9 N/mm.

Calculational model of the element:

Calculations of the intermediate band are performed assuming that the side walls work as membranes
(without strong ribs), Fig. 19.

Stresses (symbol, value calculated, relation to the admissible value):

Bending stresses:

ab = 13343 MPa > [a]

Strengthening necessary (yes/no):

Yes.

Proposed strengthening method:

Strengthening of the mating zone of side walls with load carrying beams or short ribs (Fig. 20,
Element No. 3) or a number of additional ribs.

Comments of the consultants:

1. It is not necessary to make a new continuous weld between the intermediate plate and the
bottom plate of the sheet, if a tack weld already exists. The calculations should be reviewed taking
into account the tack weld or a new weld, and the pressure load by the bottom plate together with the
side plate. If the new calculations demonstrate the necessity to strengthen the junction between the
side and bottom plates, then the proposal of Fig. 20 may be an example of an acceptable design.
Another possibility would be to install an angle bar (between the vertical ribs) welded to both walls.
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2. The welds between the ribs and the plates, between the side and front plates and the side and
bottom plates were not included in the analysis report.

3. If only additional long ribs are used it will be necessary to provide more detailed calculations
of the mating zone and consider the local bending moment and transient temperature loads (which
however do not act on the structure at the same time as the maximum mechanical loads, due to a shift
in the time-temperature curve). Using short ribs is more complicated but more reliable.

Fig.19. Calculation seheie for determination of stresses of
stresses In an Interiedlate sheet on outer I-beais.
resulting fro» forces fro* the side wall sheet.
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SECTION 5.6. BUBBLER CONDENSER FACE WALL WITH STIFFENING RIBS

Fig. 2: item 11, face wall and its stiffening ribs

Material:

Stainless steel 12 H 18 N 10 T.

Geometry:

Wall: 34000 x 3776 mm (most inconvenient case).

Ribs: U-shaped, length 3776, sides 115 x 60 x 115 mm;
step 600 mm (on internal surface of the wall)

Thickness of all elements: 3 mm.

Drawing number in Sverdniichimmash report:

Fig. 21

Boundary conditions (assumed fastening, co-operating elements):

Longitudinal sides of the wall - rigidly fastened to both ceiling wall and tray bottom sheets (inclusive
weld joints to intermediate bands on I-beams).

Vertical (shorter) sides of the wall rigidly fastened to both side walls.

The face wall is reinforced in a vertical direction by vertical ribs (joined by disconnected welds
50/100 mm).

Ribs: - on the upper part welded to the ceiling;
- on the lower part welded to the tray bottom sheet.

Load distribution:

Wall: pressure drop of 30 kPa.
Rib: See Fig. 18.

Calculational model of the element:

It is supposed to be the same as for the side walls (Fig. 22).

Stresses (symbol, value calculated, relation to the admissible value):

Acting force on the wall 2 m width = Q.

Q = 82920 N > PRP = 9760 N where PKP is a critical force.

Strengthening necessary (yes/no):

Yes.
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Proposed strengthening method:

See Figs 23, 24.

Comments of the consultants:

1. The main differences between the face and side walls should be taken into account: Ribs on the
face wall are not joined (at the upper and lower sides) to the rigid I-beam but only to the ceiling or
tray sheets, which are much more flexible. This will necessitate an appropriate calculational model.

2. The recommendations for upgradings show that there is a need to fasten all wall (plate)
connections (side-face, ceiling-face, tray bottom-face walls), but no calculational background is
provided.

3. The face wall deserves more detailed calculations since it will be the first to take over the
differential loads. It is therefore of the utmost importance to analyze all its sub-elements, as they are:
perforated sheet vis-a-vis the corridor from the steam generator box, front walls on the 3 lowest floors
with their parts directed perpendicularly to their (longitudinal) orientation, etc.

4. Concerning rib stiffening: for the face wall the same recommendations are valid as stated for
the side walls (see section S.S).

5. The experts agree that there is the necessity for stiffening all corners: face wall **• ceiling, face
wall *• tray bottom sheets, face wall *• both side walls. This stiffening should serve to avoid
instability of corners and there are two main approaches which can be acceptable:

(i) To provide the corners with additional stiffening profiles joined to them longitudinally. From
the standpoint of strength considerations, the most advantageous way is to do this on the inner
walls, but when not technologically recommendable and/or analytically approved, the profile
(I-beam, angle bar, etc.) can be located on the outer wall.

(ii) To fix the corners to some rigid parts of the structure vis-a-vis (I-beams, I-beam bearers,
reinforcing metal parts in the concrete, etc.) as they are shown in Figs 23 and 24. In these cases
it is to be taken into account that:

appropriate accessibility should be provided (options 24c, 24d are not
recommendable);
it is practically impossible to locate the reinforcing metal parts which are presently
covered by concrete and besides there would be problems with possible liner
destruction (option 24a is not recommendable);
the corners should be strengthened in those parts which are subject to the highest
loads (thence strengthening shown in Fig. 23 would be functioning in a very
ineffective way).

6. As indicated in Ukrainian analysis, the calculational model is not correct [10] because the
stiffening ribs of the face walls are supported at the ends by the sheets of tray bottom and ceiling and
therefore can not be regarded as rigidly fixed. Therefore the calculation of vertical stiffening ribs of
the face wall should be performed assuming hinge joints, with the exception of those ribs which are
joined to the support beams.
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SECTION 5.7. LOAD CARRYING I-BEAMS

Section 5.7.2.

Element No. 1.

Intermediate I-beams of the lower floor.

Material:

Steel BCT3 GOST 535.68.

Geometry:

I-beam No. 60 (GOST 8239.72). Span = 8550 mm. Intervals: 2.00 m horizontally, 3.20 m vertically.

Drawing number in Sverdniichimmash report:

Fig. 25

Boundary conditions (assumed fastening, co-operating elements):

2 assumptions: - rigidly fixed to supports
- hinged fixed to supports

Load distribution:

Fig. 25.
Face wall weight is distributed along the beam, q = 1 N/mm.
Water q — 10 N/mm, trays q = 2.08 N/mm, proper weight q = 1.04 N/mm

Pressure drop on trays: q = 60 N/mm (AP = 0.03 MPa).
Pressure on the concrete: horizontal force (N^ = 136.104 N) is reduced to zero.
Seismic loads were not considered.

Calculational model of the element:

beam simply supported;
beam fully restrained;
static calculations.

Stresses (symbol, value calculated, relation to the admissible value):

Hinged a = 143 MPa < 156 MPa (IAEA) < 235 MPa (Russian standards),
restrained a = 1 1 3 MPa < 156 MPa (IAEA) < 235 MPa (Russian standards).

Strengthening necessary (yes/no):

No.

Proposed strengthening method:

None.
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Comments of the consultants:

1. Analyses of the anchorage to concrete should be made (including capacity).

2. Seismic loads should be reconsidered through a global modelling of the structure.

3. The geometry of the supports in the corridor for the floor No. 1 are not considered (no rigid
fastening, different span).. These beams are not included in the analysis report.

4. The stability of the beams of the first tray floor should be verified (including twisting).

5. The beams should be checked against the maximum AP with the air traps chamber.

6. It is necessary to reinforce the extreme side beams of all tray floors. The strengthening of the
tray corners could reduce the stresses.

7. One of the proposed possibilities is to check in each NPP the possibility to use supplementary
platform/staircase in order to reinforce the beams.

8. The behaviour of the beams taking into account their intersection with concrete walls under
maximum AP conditions was not the subject of the contract.

M i n i m 11 J 11

n

Q. = 7250

A*

Fig.25. Calculation seheie for the determination of stresses In
intermediate I-beais of the loner step at accidents.

41



Section 5.7.3.

Element No. 1

Intermediate I-beams of the second and above floors.

Material:

Steel BCT 3, GOST 535.68.

Geometry:

I-beams N60 (GOST 8239.72), span 8550 mm. Intervals: 2.00 m horizontally, 3.20 m vertically (for
the 3 lowest), 3.57 m vertically for all floors above.

Drawing number in Sverdniichimmash report:

Boundary conditions (assumed fastening, co-operating elements):

Hinged connections.

Load distribution:

Vertical loads: water q = 100 N/mm, trays q = 2.08 N/mm, face wall weight 1 N/mm,

beam weight q = 1.04 N/m.

pressure drop is balanced.

Horizontal loads: due to concrete: N1 T= 136.104N.

(Data from Paks NPP under DBA, concrete walls bend outside, beams under tension.)

Calculational model of the element:

Hinged + tension forces due to concrete. Static calculation.

Stresses (symbol, value calculated, relation to the admissible value):

a2 = 147.5 MPa < 156 (IAEA) < 235 MPa (Russian standards).

Strengthening necessary (yes/no):

No.

Proposed strengthening method:

None.

Comments of the consultants:

1. The ceiling weight should be considered.

2. The geometry at the air inlet should be considered (no rigid fastening).

42



3. Analysis of the anchorage to the concrete should be made.

4. Hinged modelling has been considered but the conclusion states that a rigid fastening is
necessary. Welds of anchorage should be checked.

5. Seismic loads should be reconsidered through a global modelling of the structure.
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Section 5.7.5.

Element No. 1

Extreme side I-beams of the lower floor.

Material:

Steel BCT3, GOST 535.68

Geometry:

I-beams N60 (GOST 8239.72), span 8550 mm. Vertical intervals 3.20 m.

Drawing number in Sverdniichimmash report:

Fig. 26

Boundary conditions (assumed fastening, co-operating elements):

Rigid fixation to supports - membrane stress in trays and in side walls.

Load distribution:

Vertical loads: beam weight 1 = 1.04 N/mm, tray weight q = 1.04 N/mm, water weight
q = 5.0 N/mm, wall weight q = 0.7 N/mm.

Pressure drop q^ = 30 N/mm, membrane stress in walls q = 4.3 N/mm.

Horizontal loads: pressure on side walls q = 39 N/mm, membrane stress in trays

q = 60.93 N/mm.

Calculational model of the element:

Rigid fixations. Static calculations.

Stresses (symbol, value calculated, relation to the admissible value):

am = 3310 MPa • [a]

Strengthening necessary (yes/no):

Yes.

Proposed strengthening method:

Figs 27 and 28 (section 5.7.5.2-4 in [7]).

Strengthening in the horizontal direction is necessary. Proposal of Fig. 27 is not sufficient.

Decrease of pressure drop could reduce loads, but it is considered not to be realistically achievable.

Comments of the consultants:

1. Strengthening is necessary.
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Fie.26. Calculation schete for the determination of stresses in
outer T-beais of the louer step at accidents.

I- an additional longitudinal rib;
U.T.- qravity centre; U.H. - bend centre.

Fig.28. ft variant of strengthening outer I-beais of the lower
step.

1- an additional 1-beai; 2- a side wall; 3- a stiffening rib.

Fie.27. A variant of strengthening the outer I-beais of the
louer Step.



2. Attention should also be paid to anchorage to the concrete.

3. A more sophisticated global modelling of the structure with finite elements including co-
operating members would be useful for analysis and definition of strengthening measures.

4. Moment due to pressure loads on face wall should also be considered (there is no balance for
the lowest beam).

5. Possibilities of anchorage of stiffening rib to the liner have to be evaluated.
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Section 5.7.6.

Element No. 1

Side I-beams of the second and upper floors.

Material:

Steel BCT3, GOST 535.68.

Geometry:

I-beam N60, (GOST 8239.72), span 8550 mm. Vertical distance 3.20 m for 3 lower floors, 3.37 m
for the floors above.

Drawing number in Sverdniichimmash report:

Fig. 29

Boundary conditions (assumed fastening, co-operating elements):

Pressure drop on trays and ceilings is balanced.

Load distribution:

Vertical loads: beam weight q = 1.04 N/mm, tray weight q = 1.04 N/mm, water weight
q = 5.0 N/mm, wall weight q = 0.7 N/mm

Horizontal loads: pressure drop on upper side walls q = 56.7 N/mm, membrane forces on
trays = 60.93 N/mm, membrane forces in ceiling q = 136.4 N/mm,
pressure drop on lower side walls q = 41.6 N/mm

Calculational model of the element:

See section 5.7.5.

Stresses (symbol, value calculated, relation to the admissible value):

No calculations.

Strengthening necessary (yes/no):

Yes.

Proposed strengthening method:

Fig. 30.

Comments of the consultants:

1. Though not important with regard to the other loads, the ceiling weight should be considered.

2. The same comments as for section 5.7.5.
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Fie.29. Loads acting on outer I-beais of the upper step at
accidents.

1,2 - additional longitudinal ribs: 3-I-beai.

Fig.30. A variant of strengthening the outer I-beass of the
upper step.
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3. Strengthening is necessary.

(a) An analysis is missing of the I-beams directed to the corridor opening with special emphasis
on I-beams of the lowest floor (see recommendation 11 in the Ukrainian table 1).

(b) For proposals of stiffening the I-beams of the lowest floor against the concrete structure, it is
recommended to take into account the transverse beams below each floor platform. This is to be
checked on all NPPs because it seems to be plant specific.
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SECTION 5.8. SEISMIC ANALYSIS OF I-BEAMS

Element No. 1

I-beam seismic.

Material:

Steel BCT3, GOST 535.68.

Geometry:

I-beam N60 (GOST 8239.72)

Drawing number in Sverdntichimmash report:

Fig. 31

Boundary conditions (assumed fastening, co-operating elements):

Single beam rigidly fastened at both ends.

Load distribution:

Seismic loads: natural mass + 0.5 m H2O, OBE of seismicity class 5.

Calculational model of the element:

Natural frequency of single element.

Floor response spectra.

K = 0.02

Stresses (symbol, value calculated, relation to the admissible value):

OBE: ffja = 81 MPa < 126 MPa

SSE: ff.2 = 162 MPa < 208 MPa

Strengthening necessary (yes/no):

No.

Proposed strengthening method:

None.

Comments of the consultants:

1. The response of the metal structures is in part governed by the seismic response of the
reinforced concrete structure to which it is attached.

2. The influence of the mass of water in the trays on the response of the structure has to be
considered (sloshing effect).
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3. It is doubtful whether the response of the metal structure is solely governed by its own inertia
forces (as assumed in the calculations by application of the floor response spectrum).

4. The modelization of the structure and the method of analysis are inappropriate.

5. Seismic calculations should be performed using a coupled system with interaction between the
concrete structure, the metal structure and the fluid, which could address global behaviour of the
structures and evaluation of anchorage. The seismic input should be clearly identified.

a) 5)

a) - an adopted loadlnq scheme :
6) - beat cross section.

Fiq.31. Loadlnq scheie for a support flanqe I-beai at seisilc
effects.

51



3. CONCLUSIONS

1. The overall behaviour of the bubbler condenser structure is characterized by membrane stresses
and general bending stresses. These stresses have been calculated assuming pressure difference acting
on the walls of the bubbler condenser shelves equal to 30 kPa. This pressure difference was assumed
to be a static load, although under DBA conditions the duration of such a pressure pulse would be
below 1 second. The calculations were perfomed with conservative assumptions, for example, in point
5.2.2.4 it was assumed that the transverse loads are carried only by the side walls of the trays, no
credit being taken for the cap walls. This provides a safety margin.

2. The analysis has been performed separately for each element of the structure, assuming that the
elements connected with it are capable of withstanding their loads without failure. Thus, it is assumed
that for each element the boundary conditions are provided in accordance with the design assumptions,
This means that no failure of neighbouring elements has been assumed, and no propagation of failures
has been considered. Therefore, the analysis is valid only if each and every element of the structure
can fulfill its task under DBA conditions. In some cases this hypothesis imposes additional
conservatism.

3. Following previous analyses, most weak points of the bubbler condenser structure were identified.
The extent of the calculations was determined accordingly and the analysis provided an evaluation of
stresses in each of them. This way of analysis, although simplified and conservative, provides
valuable insight into the behaviour of the bubbler condenser structure. It can be the basis for further
comparisons of results which will be obtained using more accurate calculational methods. It provides
also indications as to the extent of necessary strengthening of the bubbler condenser structure, which
is proposed to be tested in large scale experiments.

4. It is recommended to perform more complete calculations, in which mutual interactions of bubbler
condenser elements will be taken into account and the effects of possible deformations will be
considered. Such calculations will not change the general conclusions, namely that the strengthening
of the bubbler condenser structure is necessary, but they will allow determination of the necessary
extent of modifications. This is especially important for NPPs in operation, since the reduction of the
extent of modifications means not only the reduction of the necessary steel, but also the reduction of
the time needed for NPP shutdown.

5. The calculations of the Russian designer consider only the maximum differential pressure during
the LOCA accident. The hydro-dynamic loads associated with condensation-oscillation and pool swell
have not been subject of the assignment. The seismic loads should be evaluated taking into account
the interface with the bubbler condenser tower structure, and the inertia effects of the mass of water
contained in the trays ( « 100 m3 in each tray).

6. It is recommended to prevent occurence of hydrodynamic forces acting on the side walls of bubbler
condenser shelves which might arise in the case of seismic events. This prevention could be effected
by installing perforated sheets joining the ribs on the caps. The front walls are protected against
hydrodynamic forces because the wave motions of water are effectively limited by the system of caps
and trays arranged parallel to the front walls.

The possible effects of steam-gas mixture flow through the space between the caps and trays
should be determined on the basis of future experiments in large scale facilities.

7. The thermal stresses (due to the restriction of thermal expansion of the ribs) should be considered
as secondary and peak stresses which influence only the fatigue behaviour of the ribs. In any case,
the maximum temperature will not be reached simultaneously with the maximum AP during LOCA.
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8. The calculations of the Russian designer compare the results with the maximum allowable values
indicated in the Russian Standards and in the IAEA recommendations. The allowable values of
stresses and the load combinations for each specific NPP shall be established by each regulatory body
and in accordance with them, the strengthening of the different components will be assessed.

9. The peer review confirmed that the structure of the bubbler condenser requires strengthening. The
concluding remarks are presented in the table below. It can be observed, that although in some cases
the stresses are comparable or slightly higher than admissible ones, there are also elements and joints
in which the loads are many times higher than allowed for the structure. For example, according to
the calculations being reviewed [7]:

in vertical ribs of side walls of the trays the stresses are 2018 MPa, while the
admissible value is 227 MPa,
in external I-beams the stresses are 3310 MPa,
in intermediate band (element 3) the bending stresses are 6384 MPa, or even 13343
MPa, depending on band location
in the face wall the force acting on the wall is 82920 N, while the critical force is
9760 N.

The calculations [7] have been performed using simplified and conservative assumptions, and more
exact analyses can give lower stress values. Nevertheless, these examples show, that even for much
lower pressure differences than 30 kPA there are elements of the bubbler condenser structure which
can fail and endanger the proper operation of the bubbler condenser as a whole. When the admissible
stresses are 10 times higher, or even 60 times higher than the admissible ones, the necessity of
mechanical strengthening of the structure becomes evident.

10. However it should be kept in mind that the structure of the bubbler condenser works as a very
complex mechanism, and strengthening of some parts of it can lead to significant reduction of stresses
in the cooperating elements. Thus, not all elements and joints in which stresses presently exceed the
admissible values need strengthening. Some of them will operate under smaller loads when the
cooperating elements are made stronger.

11. The methods of strengthening considered during the meeting are simple enough, and if they were
applied from the very beginning the cost of the bubbler condenser would not have been significantly
greater. Presently, when the bubbler condenser has been already mounted the task of strengthening
it is complicated due to difficulties in access to various part of the structure.

12. During the review of bubbler condenser structural integrity calculations, the manufacturer's
drawings of these components were not available for the consultants' review.

13. The objective of this review was to assess the calculation hypotheses and methodology. Specific
calculations shall be made for each NPP taking into account the boundary conditions, the real size
dimensions and materials of each component.

14. The calculations of the Russian designer compare the results with the maximum allowable
values indicated in the Russian Standards and in the IAEA recommendations. The allowable values
of stresses and the load combinations for each specific NPP shall be established by each regulatory
body and in accordance with them, the strengthening of the different components will be assessed.

15. In view of the difficulties and costs connected with a complete mechanical upgrading of the
bubbler condenser structure, it may be possible to undertake thermal hydraulic analyses in order to
determine the possible consequences of various failures of the bubbler condenser. If it can be shown
that some mechanical failures do not impair fission product retention capability of the containment
as a whole, then the question of the extent of the necessary mechanical strengthening can be
considered in a more general context.
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16. In any case, the existing analyses show that the bubbler condenser structure has inherent
weaknesses which do not correspond to its intended functions, as described in the safety analyses
reports. Thus, a sensitive element of the defense in depth of NPPs with WWER 440/213 reactors
requires new analyses, and possibly mechanical strengthening. The plant specific activities should be
undertaken in order to clear up this point and determine the necesasary extent of bubbler condenser
mechanical upgrading.
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TABLE I. RECOMMENDED MEASURES FOR STRENGTHENING THE BUBBLER CONDENSER STRUCTURE

CHAPTER

5.1

5.2

5.3

COMPONENT

Horizontal stiffening ribs in the bottom plate
of the tray.

Side vertical walls of trays and caps with
stiffening ribs.

Bottom sheet of the tray and the weld to the
intermediate plate.

Welds between the intermediate plate and
the load carrying beam.

Intermediate plate.

FIG. 2 Item No.

5

7, 8, 9, 10

4

CONCLUSION/COMMENTS

- Not necessary to strengthen them.

- A more detailed analysis could be performed in order to evaluate how the
assembly of the bottom plate, tray-cap system and horizontal ribs in the upper
part of the cap work in order to verify the hypothesis taken by the Russian
designer that this assembly acts as a rigid element.

- It is necessary to reinforce the vertical ribs of the cap side walls as indicated in
Fig. 10.

- Taking into account the comments in point 5.1, it could be necessary to install
the new stiffener plate in the upper part of the cap like a continuous beam,
welded at the 9 caps and at the extremes (Fig. 10a).

- It is not necessary to reinforce the bottom plate.

- The local stresses in the connection with the drain pipe should be evaluated.

- It is not necessary to reinforce the weld because of the thermal stresses as
these stresses will appear later than maximum pressure loads.

- It is not necessary to reinforce the plate itself, but the bending behaviour
should be prevented. (See proposals.)



CHAPTER

5.4

5.5

COMPONENT

Tray ceiling plate with stiffening ribs and
intermediate plate.

Side walls of the tray with stiffening ribs
(vertical).

FIG. 2 Item No.

13, 14

12

CONCLUSION/COMMENTS

- The reinforcing of the ceiling plate is not necessary.

- It is proposed to weld the intermediate plate to the ceiling plate as indicated in
Fig. 16, but with a continuous weld Fig. 16a, b, c. (These welds exist in Paks
NPP but not in the rest of the NPPs.) With these new welds the reinforcement
of the intermediate plate is not necessary.

- It could be necessary to strengthen the ribs if new calculations demonstrate that
the ceiling plate stresses are higher than the maximum allowable values.

- The compression and bending loads due to the action of the front wall should
be taken into account.

- It is necessary to reinforce the ribs. The consultants propose to increase the
inertia moment and cross section of the ribs instead of increasing two or three
times the number of ribs.

- The thermal stresses (due to the restriction of thermal expansion of the ribs)
should be considered as secondary and peak stresses which influence only the
fatigue behaviour of the ribs. In any case, the maximum temperature will not
be reached simultaneously with the maximum AP during LOCA.



CHAPTER

5.5

5.6

COMPONENT

Side walls (sheets)

Intermediate plate

Face wall plate with stiffening ribs.

FIG. 2 Item No.

12

3

11

CONCLUSION/COMMENTS

- The reinforcing of the tray side walls is not necessary taking into account the
actual rib span of 600 mm.

- It is proposed to made a new weld (continuous) between the intermediate plate
and the bottom plate of the sheet. The calculations shall be reviewed taking
into account the new weld and the pressure load by the bottom plate together
with the side plate. If the new calculations demonstrate the necessity to
strengthen the junction between the side and bottom plates, then the proposal
of Fig. 20 may be an example of an acceptable design. Another possibility
would be to install an angle bar (between the vertical ribs) welded to both
walls.

- The welds between the ribs and the plates, between the side and front plates
and the side and bottom plates were not included in the analysis report.

- It is necessary to strengthen the junction between the front walls with side
walls, bottom and ceiling plates (all the connections between the pressure
retaining walls).

- The results obtained for the side walls cannot be extrapolated for face plates
and ribs stresses. The main differences between the face and side walls should
be taken into account: ribs on face wall are not welded (at both ends) to the
load carrying beam. This will necessitate an appropriate calculation model and
hypothesis.



00

CHAPTER

5.7

COMPONENT

I-beams (load carrying beams).

FIG. 2 Item No. CONCLUSION/COMMENTS

- The geometry of the supports in the corridor for the floor No. 1 are not
considered. These beams are not included in the analysis report.

- Analysis of the anchoring in the concrete wall was not included in the contract.

- The stability of the beams of the first tray floor should be verified.

- The beams should be checked against the maximum AP with the air traps
chamber.

- It is necessary to reinforce the extreme side beams of all tray floors. The
strengthening of the tray corners could reduce the stresses.

- One of the proposed possibilities is to check in each NPP the possibility to use
supplementary platform/staircase in order to reinforce the beams.

- The behaviour of the beams taking into account their intersection with concrete
walls under maximum AP conditions was not the subject of the contract.
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1. INTRODUCTION

1.1. This work is performed on the basis of a contract

with IAEA WC:100 6040 5410 241 KUDRIJA 1903 WWER, 24 October

1994.

Aim of the work - to define metal construction elements

of the bubbler condenser system in case of accident localiza-

tion at nuclear power plants with WWER-440/213 units, that re-

quire strengthening according to the regulations in force and

to show the means for provision of the necessary strength of

this construction.

The volume and contents of the work meet the requirements

stated in the letter of IAEA dated 20.07.94, as well as in

that of SverdNIIchimmash No 62-06/251 August 15, 1994. When

performing this work IAEA recommendations and those stated in

documents /1-5/ are taken into consideration.

1.2. The main nomenclature is taken according to /6/. The

rest of the nomenclature is given in other sections of the

report.

P - calculated pressure of a water column, MPa;

T - design temperature, °C;

Rm - minimum value of ultimate strength for the design

temperature, MPa;

R - minimum value of yield point at a design tempera-
ro,2

ture, MPa;

f - modulus of elasticity at a design temperature,MPa;

ju - Poisson's ratio;

oiT - factor of linear temperature expansion at a design

temperature , 1 / °C;

S - nominal wall thickness, mm;

(5m - general membrane stresses, MPa;

QmL - local membrane stresses, MPa;

<3£ - general bending stresses, MPa;

6gL - local bending stresses, MPa;

6T - general temperature stresses, MPa;

<arL - local temperature stresses, MPa;

<3K - conpensation stresses, MPa;

6"c - compression stresses, MPa;

(G) - reduced stresses, MPa;



- a group of reduced stresses, defined according to

the constituents of general membrane stresses,

MPa;

2 - reduced stresses, defined according to sums of

constituents of general or local membrane stres-

ses and general bending ones, MPa;

[6] - permissible stresses, MPa;

(egj - reduced stresses from mechanical loads and seis-

mic effects, defined according to the constitu-

ents of general membrane stresses, MPa;

- reduced stresses, resulting from mechanical loads

and seismic effects, defined according to the

constituents of membrane and general bending

stresses, MPa;

- maximum range of reduced stresses, defined as a

sum of general and local membrane stresses, gene-

ral and local bending ones, general temperature

and compensation stresses, MPa;

SSE - maximum calculated earthquake;

NOC - normal operating conditions;

00 - operational occurrences;

AC - accident conditions;

OBE - operating bases earthquake;

DA - design accident.



2. BUBBLER CONDENSER CONSTRUCTION

Construction of a bubbler condenser of an accident loca-

lization system is given in fig.1 and 2 with the designation

of its elements. As this system is rather completely described

in previous reports, e.g. in /3-5/, then its detail descrip-

tion is not given in this section. In the following subsections

characteristics of construction elements are mentioned, that

influence on the stress-deformation state of a bubbler conden-

ser. Dimensions of the construction elements being considered

at calculation carrying out are taken according to the draw-

ings of the detail design A.07.071.000 BO, fulfilled by Sverd-

NHchimmash in 1978 as well as of the contractor design

AC 277.00.00.00 CB for NPP PAKSH-1, performed by Atomenergo-

export.



3. INITIAL DATA FOR CALCULATION

3.1. In conformity with the IAEA letter dated 20.07.94,

taking into consideration the restricted volume of work, the

loading conditions of the construction elements considered are

limited by two modes. To the first one refers the mode at

which pressure drop appears equal to 30 kPa at the initial

stage of an accident, connected with the coolant loss, when a

pipeline of the first loop with the diameter of f)y = 500 mm

breaks with unobstracted coolant outflow through both ends of

the ruptured pipeline (LBLOCA). To the second one refers the

mode SSE - maximum calculated earthquake, at which safe reac-

tor shut-down must be provided. Seismic effects are taken in-

to consideration for the main load-carrying beams (without im-

posure of the mode, connected with the accident with coolant

loss). For calculations the generalized recommendations, given

in Standards /6/, and the platforms corresponding to seismici-

ty of 5 at the design earthquake on MSK-scale and 6 at maximum

calculated earthquake are used. While carrying our calculations

it is assumed that height of a liquid column on trays is equal

to 500 mm. *"

3.2. Sheets of stainless steel 12X18H10T with the thick-

ness of 3 mm are the main construction material, the main lo-

ad-carrying beams are made as flange beams No 60, steel st.3.

It is assumed that maximum design temperature is not over

100°C.



4. PERMISSIBLE STRESSES

4.1. Permissible stresses for the elements considered are

chosen according to the documents in force in Russia, as well

as IAEA guidelines /2/.

Permissible stresses for the design groups of such equip-

ment elements as a reactor shell, steam generators, vessels

etc. including bubbler condenser components are given in

Table 4.1 in accordance with /6/.

Table 4.1

Permissible stresses for different groups of stresses /6/

Mode

NOC

00

AC

M
1.2/̂ 7

1.4/67

1

1

1

.V*7 '

.6/6-7

.S/-67

(2,5 ->?
but not

(2.5 - y
but not

r / / 7 r 1 / ? r
poa/firnj ft po.2 f

higher than

-

^higher than '

Adopted according to "Rules and standards of nuclear

energetics /"-10-012-89". According to /6/ ("Rules and standards

of nuclear energetics r-7-002-86") values (<5)RV for the AC mode

are not specified.

According to /6/ nominal permissible stress is equal to

[<s] - men m (4.1)
US ' 2,6

Talues of R.p and R.rm , as well as elasticity modulus B

for bubbler condenser components are assumed in this calcula-

tion in conformity with the acting at the present moment stan-

dards /6/ which, are given in Table 4.2 and are the minimum po-

ssible ones for the materials applied.

numerical permissible values for different stress groups

are given in Table 4.3. According to the standards /6/ average

tangent stresses caused by mechanical loads, should not exceed

0.5-/©V* Average tangent stresses, caused by the effect of

mechanical loads and temperature, should not exceed 0.65-/"<S'7»
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Table 4.2

Values of mechanical data, MPa

Parameter

*;

Steel 12X18H10T

20°C

196

491

2.05-105

100°C

189
461
2-105

Steel 3sp.

20°C

206

373

2-1O5

100°C

196

353

1.95-1O5

It should be noted also, that in conformity with standards

/6/ filling the requirements of Table 4.1 of the present design

for stress ranges is not obligatory in those cases, when defor-

mations possible at operation can't influence on the normal

operation of the unit being evaluated (absence of tightness

violation, of moving units wedging etc.). The necessity of fil-

ling the requirements for groups (6) must be defined by the

design organization.

The corresponding copies of the standards /6/, to which

reference is made in this design, are given in Appendix 1.

Por correct use of tables 4.1 and 4.3 it is necessary to

give a strict definition for the modes NOC, 00 and AC. These

definitions, contained in "Regulations of the construction and

safe operation.••" /8/ are given also in Appendix 1 of this

report. It should be noted here, that according to /&/ the

mode, connected with the coolant loss at pipeline rupture of

the first loop with the diameter of J) = 500 mm must be refer-

red to AC (accident condition).

4.2. In conformity with the "Standards for planning seis-

mically stable nuclear power plants..." /9/ a bubbler conden-

ser refers to the I-st category of seismic stability. The com-

bination of loads and permissible stresses for the main load-

carrying beams are given in Table 4.4 for the conditions of

seismic effects.

4.3. In table 4.4-4.7 the values of permissible stresses

are given according to the recommendations of IAEA /2,table 3.8/.



Table 4.3

Numerical values of permissible stresses

according to Standards /6/, MPa

Material

Steel

12X18H10T

Steel

St.3

Mode

NOC

00

AC

NOC

00

AC

Temperature, °C

20

100

20

100

20

100

20

100

20

100

20

100

(e),

131
126

157

151

183
176

137

131

165

157

192

183

170

164

209
202

235

227

178

170

230

209

247

235

392

378

_

392

378*

412

392

-

412*

392*

See notes to Table 4*1*

Table 4.4

Combinations of loads and permissible stresses for the main

load-carrying beams at seismic effects /$/

Seismic
stability
category

1

Effect
form

NOC+SSE

OO+SSE *
B0C+DA.+0BE

NOC+OBE •

00+OBE*

Design group of
stress category

Permissible stress,
MPa

1,4 [6] = 192

1.8 fej = 247

1.2 fej = 164
1.6 [e] = 219

The necessity of evaluation is defined by a design or-

ganization.

In this design it is not taken into consideration.



Table 4.5

Permissible stresses according to the recommendations of IAEA for the components of type A

(trays, ribs etc.) /2/

Mode

NOC

AC

NOC+OBE

NOC+SSE

1

1

1

P« - <«>,

.1-/?/ /1.5

.2-^/1.5

.4-^/1.5

1.3-^/

1.1- /?£

1.6-/?/ /

1.8-/£ /'

1.5

1.5

1.5

2 • arPo2

Po.2

2 • * v

Not taken into
consideration

PL +
 ps + Q

As applied at
tion of cyclic

As applied at
tion of cyclic

As applied at
tion of cyclic

Not taken into
tion

+ F

the calcula-
strength

the calcula-
strength

the calcula-
strength

considers-

p. - reduced general membrane stresses, caused by the effect of only mechanical loads;

- reduced general bending stresses, caused by the effect of only mechanical loads;

- reduced local membrane stresses, caused by the effect of only mechanical loads;

- secondary membrane stresses plus bending ones (stresses of selfcompensation), caused

by mechanical loads or limitation of temperature motions without alowance for stress

concentration;

- concentration stresses (added to the main and secondary stresses, they can cause fa-

tigue damage, but not deformation).
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Table 4.6

Numerical values of permissible stresses according to

IAEA recommendations for component of type A /2/

(trays, ribs etc.)

Material

Steel

12X18H10T

Mode

NOC

AC
(LOCA)

NOC+OBE

NOC+SSE

Tempera-
ture, °C

20

100

20

100

20

100

20

100

131
126

144
139

157

151

183
176

170

164

215.6

208

209
202

235

227

392

378

392
378

392

378

Not consi-

deration

LOCA - Accident connected with coolant loss.

Table 4.7

Permissible stresses in load-carrying beams according to

IAEA recommendations, MPA

Mode

NOC

AC

NOC+OBE

Tempera-
ture, °C

20

100

" 20

100

20

100

Tensile stresses

0.6- RL = 124
HO,2

0.6Rpoj m 118

1.33 O.S-Rr = 164

1.33 0.6/?^= 156

1.5 0.6 Rloz = 185

1.5 0.6/?pJa = 176

Tangential stress

0.4- Rl = 82
PO,S

0.4 • R. =78
1.33 0.4* ftT = 110

1.33 0.4-/?;^= 104

1.5 0.4- Kpoz = 124

1.5 0.4 • R.TPo * 118
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5. CALCULATION OP THE MAIN BUBBLER CONDENSER

COMPONENTS

5.1. Horizontal stiffening ribs of the lower trays

5.1.1. The horizontal stiffening ribs considered (pos.1

in fig.2) connect a row of trays between each other, that form

a cap section and limit their mutual horizontal motion paral-

lel to load carrying beams. The tray side walls, talcing the

load together with cap walls, form intermediate supports for

horizontal ribs and limit vertical motion of these ribs. At

end pieces horizontal ribs according to the general view draw-

ing of the detail design are connected with the front and rear

wall of the bubbler condenser metal construction. Cross sec-

tion of horizontal stiffening ribs together with the tray sheet

is shown in fig.3. A section of a tray with caps as well as

the design scheme assumed for evaluation of horizontal stiffen-

ing ribs are diagrammatically represented in fig.4.

This scheme is taken as an assumption, that side walls of

trays and caps provide for load perception (it will be tested

lower).

The deformation character of horizontal ribs under the

effect of pressure drop &P = 0.03 MPa is also shown in fig.4.

The analysis shows that stiffening ribs deform similar to a

non-cut multispan beam. In so doing pressure drop acts simmet-

rically relative to closely disposed intermediate supports

formed by tray side walls. Therefore in the middle between

these supports the angle of turn of horizontal rib cross sec-

tions is equal to zero and they may be considered as stiffly

ground. At end cross sections on extreme trays horizontal ribs

may be considered as hinged ones, but it should be remembered,

that the length of the extreme trays (and correspondingly the

ribs) is considerably less than that of the intermediate ones.

Let's consider the load, acting on horizontal ribs. At

accidents, connected with coolant loss pressure drop from be-

low upwards from an air wave of steam-gas mixture, equal to

30 KPa and a liquid column (from above downwards), equal to

5 KPa, effect the tray.

The total pressure distributes over the trays surface

uniformly. Therefore at the first moment of an accident hori-

zontal ribs will take this pressure, but their further beha-
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vior will be defined by that of the tray as a whole and it de-
pends on the relation of stiffening ribs together with the
connected width of the sheet and hardness of the side walls of
trays and caps, forming support for ribs.

The linear load on horizontal ribs, disposed in the middle
of the plates is equal to

y =(A/> - PHjO) -600 = (O.O3-O.OO5) 600 = 15 N/mm (15 kgf/cm).

The joined width of a tray sheet being adjacent to a rib
from each side is evaluated according to /10/ by the equation

in = 30-S--/210//?; ;
"P y 5 a * (5.1)

6
5a

&n = 30-3-y210/196 = 93 mm.n

The . inertia moment relative to the central axis A , of a
horizontal rib cross section with a joined sheet width (see
fig.3) is equal to

3% - 191827.8 mm
4 (19.18 cm 4).

Minimum moment of resistance of the cross section being
considered in case of rigid operation is

Maximum bending moment appearing in the support zone un-
der the condition of beam grounding from both Bides is equal
to /11/

ma* * 2 (5.2)

= 7 O 3 1 2 5

Total bending stresses, appearing in the support zone un-
der the effect of excess pressure are equal to

_ 703125 _
" 3471.3 *

The value obtained is less than permissible stresses at
AC according to the Standards /6/

202.5 MPa <[(6)3] • 227 MPa,

and also less the permissible stresses at AC (LOCA) according
to IAEA recommendations / 2 /

202.5 MR <• [(6)2] = 208 MPa.
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5.1.2. The linear load on horizontal ribs disposed on

sheet sides, taking into consideration that the distance from

the rib up to a support (see fig.3) can amount to 460 mm (e.g.

according to the drawing AC 277.01.00.00 CE for NPP PAKSH-I),

is equal to

o'= (O.O3O-O.OO5)«76O = 19 N/mm.

For the ribs considered maximum values of total bending

stresses will be

» 202.5 = 256.5 MPa.

This value exceeds the permissible one both according to

the Standards /6/ and the IAEA recommendations. Besides it

should be taken into account, that horizontal ribs disposed on

the sheet sides, will be subject to torsional strain, that re-

sults in the appearance of tangential stresses.

5.1.3. For horizontal rib sections with the length of

405 mm disposed on extreme trays (see fig. 4) maximum bending

moment will be

38956O N-mm.max g o

Bending stresses, corresponding to this moment are equal

to

^̂  = 112 MPa <[(Ph] = 208

5.1.4. Thus, in a general case static strength of separa-

tely disposed horizontal ribs is not ensured. In so doing it

should be noted, that these ribs will act together with tray

sheets and (that is very important) restrict shift of tray ed-

ges relative each other.

5.1«5« Stability of horizontal rib wall, subject to comp-

ression stresses at a general bending is evaluated.

Critical value of the bending moment for a resrained from

both ends beam is /12, 13/

2TL

where JJ = 0.3 - Poisson's ratio;

h = 57 mm - design height of a rectangular cross sec-
tion;

& = 3 mm - thickness;
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0 - moment of inertia for a rib section,

J = ̂ | 2 _ = 46298 mm
4.

105)2- 46298 57• 33 ^ ^ ™ „
-0+0.3) ^ ~ = 5064.093 N-2-U+O,

MK > Mmax = 703125 N-mra.

Stability condition is fulfilled.

5«2, Side walls of trays and caps with stiffening ribs

(mates)

5.2.1. The character of strained-deformed condition (SDC)

for the side walls of trays and caps together with stiffening

ribs defines the behavior of the whole construction of a bub-

bler condenser. In fig5 loads are shown that effect on the

components listed above, arising at accidents (pipeline rup-

ture 77y » 500), which comprise pressure drop aP = 0.03 MPa

and liquid column pressure. The analysis shows that only li-

quid column pressure acts on the tray side walls (pos.1 in

fig*5) at accidents at the first moment. Further on it should

be expected that the liquid column will be displaced from the

cavity between the side wall of a tray and a cap. Therefore

similar pressure will act on both surfaces of the tray side

wall. In so doing the tray side walls will take some part of

the load from the effect of pressure drop &P on the whole tray

sheet.

At an accident pressure drop AP will act on the cap side

walls, in so doing at the first moment similar liquid column

will act on both its surfaces. Before an accident under the

effect of liquid column on the tray sheet the tray side walls

in their plane experience compression stresses (see fig.6).

Besides, tray side walls under the effect of side liquid

column pressure will try to bend in their plane. At the same

time a tray side wall will try to return in its initial con-

dition under the effect of a tray sheet bending.

In the course of an accident at A P > 0 in the upper part

the side walls of the trays as well as caps will experience

tensile stresses and thus will not loose stability.
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5.2.2. The SDC in the zone of the side walls of trays and

caps is evaluated.

5.2.2.1. The joined width of the tray sheet according to

(5". 1) is assumed to be 6np= 93 mm. The gravity centre of the

section considered is disposed at the distance of 320.6 mm

from the surface of a tray sheet (see fig.5). The moment of

inertia of the section considered relative to the axis MY" is

Jy= 2.99U068-108 mm4.

The minimum moment of resistance is W™Ln= 908158 mm .

Let's assume for safity margin, that side walls of trays

and caps together with the joined width of a tray sheet take

the load, collected from half of the tray width.

The design scheme for evaluation of stresses in the zone

of the side walls of trays and caps is given in fig.7 and re-

present a hingedly fixed beam, loaded by a uniformly distri-

buted load from liquid column pressure.

a a 0.005*800 = 4 N/mm,

as well as from pressure drop AP= 0.03 MPa

a. = 0.03-800 = 24 N/mm.
TAP

Besides, taking into consideration of pressure effects

on face sheets of trays and caps, moments from the effect of

pressure drop and liquid column will act on the beam consider

red. They are equal respectively to

MAP B 6 3^5O N.mm (6337.5 kgf'cm);

M ~= 20000 N-mm (200 kgf«cm).
HgO

These values are obtained as an assumption that the lower

faces of the end sheets of trays and caps are grounded (fixed

to the load-carrying beams), and the upper ones are free (but

in reality they transfer forces onto the cap).

Maximum bending moment in the middle of the beam (see

fig.7) from the effect of the distributed load is

At accidents maximum bending moment in the middle of the

beam will be
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J +<MAR ~ MHZ0)> (5.5)

+ (63375O-2OOOO) = 982750 N-mrn.
max o

Maximum stresses are correspondingly equal to

- 9829750 _

This value is far less than the permissible ones for Qs)2
both according to the Standards of Russia /6/ and recommenda-
tions of IAEA /2/.

But it should be noted that in the value obtained stres-
ses, arising in cap side walls due to the effect of pressure
drop AP in horizontal direction on them are not taken into
consideration*

5-2,2.2. The cap side walls rest on three ribs with the
dimensions of 3x20 mm connecting caps with the tray sheet.Be-
sides from the ends the caps and trays are closed by end
sheets, fixed to the load-carrying beams through the interme-
diate ones. The design scheme for stress evaluation in side
walls of caps from the effect of pressure drop in horizontal
direction on them is shown in fig.8.

The dimensions of the cap side wall are assumed according
to the drawing AC 277.01.01.00CB for NPP "Paksh". The sheet
of the side wall is strengthened by three ribs of 3x20 mm in
size.

A sheet with the dimensions of 640x600 mm, disposed bet-
ween two ribs, is considered.

For the calculation it is assumed that the ribs are effi-
cient, they take load and ensure rigid fixation of the sheet
over a length of 640 mm.

It is assumed also that the other two sides of 600 mm in
size are freely supported. Stresses in the sheet considered
are evaluated according to the data given in /14/.

Stresses in the points considered in the direction of one
of the axis are defined by the equation

e ES2 ,_ c.

(3 = —p— ' (5'6)

where 6 - dimensionless parameter of stresses, evaluated by
table / H , p. 228/ in relation to P and A ;
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£ = 2-1(r MPa - material elasticily modulus;
S = 3 mm - sheet thickness;
2 a = 640 mm - sheet length;
2 £ - 600 mm - sheet width;

Ji = TJT^T = ^ ^ A «= 1.0666 - elongation parameter;

P - dimensionless parameter of load intensity;

(5.7)

P = 0.03 ^ — 5 = 240.

Dimensionless parameter of stresses & comprises
<5M , &M - dimensionless parameters of bending and memb-

rane stresses;
^x » ®y ~ dimensionless parameters of the largest over

the length total stresses;
6X t6yo- the same at the center of a sheet.
According to the data of tables in /14/ at A = 1.0666,

P e 240, N= 0.3 maximum stresses arises in the middle of the
sheet restraint edge in point B

m 2 7 8 MPfl.
3OO

This stress is a local one and should not exceed permis-
sible values for stress ranges.

According to the data of table 4.3 strength conditions
through stress ranges is fulfilled, as

278 MPa < r(e)^J- 378 MPa.

For the center of the sheet considered in point 0

6xO= 4-34; e - 4.9.

Therefore:

4.34-2.1Q5.32 = 8 6 # 8 M P a >
300^

4»9-2-1O5-32 . 98 MPa.
3OO2
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These values should not exceed permissible ones for stress

ranges (&)2 .

According to table 4.3 strength conditions for AC are ful-

filled.

98 MPa < [C<5)2J = 227 MPa.

Deflection at the center of the sheet for the fixation

scheme assumed in the design, is

«. - *. • s,. (5-8)

where L = 1-68 - dimensionless deflection /14/;

co = 1.68-3 = 5.04 mm.
o

Taking into account that the lower edge of the cap sheet

has practically n© support and is free then one may suppose

that actually deflections of the sheet considered are larger.

This results in somewhat increase of stresses in points A and

B (see fig.8). On the other side width of the gap between the

side walls of a tray and a cap will increase that may result

in lowering pressure drop AP due to decrease in hydraulic re-

sistance: in a weir (but not considerably) that in its turn

causes decrease in stresses.

Taking into account that in conformity with the Standards

/6, p. 5.4-8/ satisfying the requirements of these standards

for stress ranges is not obligatory in those cases, when cons-

truction deformation possible during operation can not influence

on normal work of the unit then one may assume the increase in

stress ranges in the sheet considered. It should be also noted

that the increase in membrane stresses in point O.(see fig.8)

due to allowance for support absence of the lower edge of the

cap sheet according to the data in/14/ will not take place.

Thus strength conditions of sheets for cap side walls,

disposed between vertical ribs is fulfilled. In so doing it is

assumed that these ribs provide for load absorb or (if neces-

sary) will be correspondingly strengthened.

5.2.2.3. Vertical ribs, disposed on cap side walls are

considered. The design scheme for stress evaluation is given

in fig.9.

The rib is considered together with the joined width of

a sheet & = 93 mm.
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Inertia moment of the section considered is equal to

3K = 9583 mm
4.

The moment of resistance is

469.7 mm3.

The rib is loaded by a distributed load

^ = AP-600 = O.O3-6OO = 18 N/mm.

Besides, taking into account, that pressure drop in ver-

tical direction acts on the tray cap (see fig.5), a vertical

force Pv and a bending moment Mp will act on the rib.

P *> 900 N; Mp= (5O-6OO)-O.O3-2.6 = 2340 N-xnm.

The bending moment on the support according to (5.4) from

the effect of A P is equal to

M = 18-650 . 950625 N-mm.

The total moment on the support is

M^ = 950625 - 2340 = 948285 N-mrn.

Maximum bending stresses are

<3 = ^ f f f 5 = 2019 MPa >[e]2 = 227 MPa.

Strength condition is not observed.

Vertical ribs should be strengthened.

The rib resistance moment for the fulfillment of strength

conditions must be not lower than

= 4291
Fr 2

where F,, - assumed rib surface (S:150 mm ).

An assumed version of rib strengthening is shown in fig.10,

Besides it is recommended vertical ribs of the cap side

walls to connect with each other to provide for their joined

effect. This will allow vertical ribs to be considered as ri-

gidly restraint and to lower bending moments and stresses res-

pectively by a factor of 1.5.

Let's evaluate stability of a flat form of vertical rib

bending on cap side walls.
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The design scheme for stability evaluation according to

/12, 13/ is given in fig.11.

The rib cross section corresponds to that presented in

fig.10.

Critical load for the approved scheme to loading is

where m =

Q = - - elasticity modulus of the second type;

3K - moment of inertia of the cross section

considered at torsion, .

(5.10)

200! + 3^£ . 3312

m = -i/2'10 • 248187-A /i n -i\-3312 = 3.556-1Oy N-mm^,
y c. • V I + w . J1

3.556-109 = 238209 N.
J«P 65O2

Load per a rib equals to

(4-C) » 18-650 = 11700 N.

The rib strength condition is fulfilled.

11700 N « 238209 N.

5.2.2.4. Tray side walls as well as cap components under

the effect of loads on a tray sheet can loose stability of the

flat form of bending.

When calculating stability in strength margin it is as-

sumed that only side walls of trays (without cap side walls)

absorb load acting on the tray sheet at accidents.

The design scheme for the calculation of stability of

tray side walls is given in fig.11.

The distributed load for tray side walls is

o =APB'= (0-03 - 0.005) 400 = 10 N/mm.

The critical load is defined with the help of equation

(5.9).
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The inertia moment for torsion of only the tray side wall
is equal to

JK = ̂ -600-33 = 5400 mm3;

5
m = y2-1O5- 3'i^° -2-C1 ̂ °0.3)' 3 4 0 0 = 6-6978-1O10 N-imn2;

-6.6978.1010 = 5H187 N.

The load per tray side wall is equal to

CL t =10-1920 = 19200 N,

Stability condition at AC is fulfilled.

19200 H«514187 N.

5.2.2.5* With allowance for tray side walls playing a
great role in the provision of strength of the construction
considered an additional test of their stability was carried
out by means of the method, stated in Regulations /15/.

Wall sections edged by stiffening ribs, are tested for
stability by

where 6* = 6max= 9*5 MPa - maximum bending stresses, assumed
according to p.2.2.1;

€ - average tangetial stress, MPa;

€ - ® i (5.12)
ti 6

k = 600 mm - side wall height;
Q - average value of a transferse force;

LL. (5.13)

96OO N.

'3 M p a ;

(5-. - critical value of nominal stresses;
cr
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-wall flexibility;

T 600 / 189 c 1C-
w J 7 2-10^

rc = 30.0 - factor from table (15);
~ - critical tangential stress;
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(5.15)

(5.16)

h. 1Q20
x* =-Tre Z<A = 3.2 - ratio of the large sheet wall to
J P OUw

the small one;

ft = 0.5-/sJ= 0.5-176 = 88 MPa - permissible shear
stress /6/;

<gr . 52JI6 . 139 MPa.
cr 6.152

Stability conditions of the tray side wall according to
/15/ are fulfilled, as

5.2.2.6. Analysis of the results obtained above, show©,
that in cas.e of vertical rib strengthening the side walls of
trays and caps are efficient at accidents connected with coo-
lant loss. In case of main circulation pipeline rupture the
highest pressure drop on a bubble tray (and correspondingly on
bubbler condenser walls) arises in the period when liquid is
displaced from the channels formed by side walls of trays and
caps. It is known that hydraulic pressure depends on square
rate of liquid flow through a channel

*P= f •(*,—), (5.17)

where ^ - hydraulic resistance factor;
jo - liquid (gas) density;
co - liquid (gas) flow rate.
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Liquid flow rate in the channels considered can "be lowe-

red due to making holes of 3-5 mm in diameter or rectangular

slots of up to 5 mm in width on cap side walls.

The total surface through which liquid outflows from the

channel, formed by side wall of trays and caps, can be increa-

sed by a factor of 1.5-2 that allows theoretically to lower

pressure drop in a channel 2-4 fold.

Pressure drop in a channel, formed by side walls of trays

and caps will be lowered because the liquid column height will

also be decreased which must be overcome by steam-gas mixture.

The change of cap construction on bubbler condenser trays,

off erred by the authors of this report is shown in fig. 12. It

allows pressure drop to be lowered.

To guarantee steam-gas mixture condensation outflowing

from upper slots (or holes) one may recommend to install addi-

tionally a deflector in the form of a horizontal sheet with

the width of 100-150 mm over the slots. This deflector is wel-

ded to the cap side wall as well as it is connected with the

tray sheet with the help of ribs.

The recommendations given above, are based on the analy-

sis of the strained condition of a bubbler condenser construc-

tion. Therefore it is necessary the changes proposed to be co-

ordinated with the organization responsible for processes and,

also if need be to carry out large scale experimental tests of

the construction proposed.

5»3. Tray sheet. Welding joints, fixing trays to a load

carrying beam

5.3.1. Tray sheet fixation to a load carrying beam is

shown in fig. 13. In the calculations given above, it is shown

that side walls of trays and caps absorb pressure drops ari-

sing at accidents and acting on the horizontal surface of

trays. In calculations reported in /3-5/ it is shown that the

tray sheet will deform as a membrane. In building Standards

and Regulations /15, p.8.14/ it is pointed out, that while

calculating membrane constructions, resting membrane edges on

rigid components of the loop must be considered as a hinged

one along the resting line and capable to transfer the shift

on the loop components.
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5.3.1.1. To analyze stresses arising in welding joints

let's consider a tray sheet as a membrane of 3 nun in thickness

hingedly rested over all sides. The membrane edges are secured

from horizontal movements. Membrane dimensions in a plane

amount to 1920x750 mm.

In the course of an accident the membrane is loaded by

excess pressure

AP = 0.03 - 0.005 = 0.025 MPa.

The calculation is carried out according to /16/.

The value of a bending deflection in case of hinged res-

ting long edges is equal to

i s

where <£ - dimensionless parameter of load, equal to

(5.19)

q.*= AP = 0.025 MPa;

& = 750 mm - length of a short side of a membrane;

h = S = 3 mm - membrane thickness;

„*, 9^025.(750)4 =
r 2-105 -*2-10-

jU = 0.3 - Poisson's ratio;

U) = 0.04 - factor taken from a table in /16/, depending

on the value

(t-jus)] - /?y/488.28.(1 - 0.32)7 - 2.647;

488.28-(1 - O.32)-O.O4 = 2.777.

Bending deflections are equal to

/ « 3-2.777 = 8.33 mm.

Stresses in the middle surface 6y (axis Y is parallet to

the short side) are equal to

Z 77 > (5.20)

where u = 7.6 - factor, taken from a table in /16/;

6M - 2'1°5'T'6o ? = 67.7 MPa.
3(1 0 3 2 ) ^
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Maximum bending stresses in the middle of the sheet will

« — • / - * ! *

where iff a 0.035 - factor, taken from a table in /16/;

5
<5un = |-(1 - 0.3 )• 488.28-0.035-•2-:~- = 37.3 MPa.

The to ta l values of stresses are

<3 = (6) = 6 + <3U„ • 67.7 + 37.3 = 105 MPa.

Strength conditions of a tray sheet are fulfilled both

according to the Standards /6/ (see tanle 4.3)

(6) = 105 MPa <227 MPa,

and according to the recommendations of IAEA (see table 4.6)

105 MPa <208 MPa.

5.3.1.2. Taking into account that a tray sheet over the

long side rests on the side wall, transferring the long side

along the horizontal line is limited by horizontal ribs, dis-

posed discretely. This sheet is additionally considered as a

hingedly fixed one over all sides which can shift freely.

The calculation is carried out according to /16/.

The wall length ratio is

The bending deflection and transverse load are interrela-

ted as follows

3.842- $3+ 7.309-$= 488.28.

= 4.91.

j. = 4.91-3 = 14.73 mm.

Maximum membrane stresses arising at the edges of sheets

are equal to
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Maximum bending stresses, arising at the center of the

sheet, are equal to

= 89 MPa.0g = 2 1 O ^ d +
5 2 .(1 - 0.3^) 75O2 2.562

The maximum possible values of t o t a l s t r e s se s for the

considered condi t ions of t r a y sheet f i xa t i on are equal t o

(5 =(<S-;2= 95 + 89 = 184 MPa.

Thus, strength conditions of tray sheets at the conside-

red the most unfavourable fixation of their edges are fulfil-

led both according to Standards /6/

6 = 95 MPa</(6-) 7= 176 MPa;

((5)2 „ 184 MPa<f(S-;2J= 227 MPa

and the recommendations of IAEA (see table 4*6)

em = 95 MPa < 139 MPa;

m 184 MPa -<208 MPa.

5.3.2. Evaluation of stresses, arising in welding joints

of tray sheets with load- carrying beams.

Side walls of cap and tray sheets together with the joi-

ned width of a sheet posess high rigidity in bending. There-

fore these components absorb practically the transverse load

from pressure drop on all tray sheet and transfer it through

all welding joints onto load-carrying beams.

All vertical transverse load on side walls of trays and

caps together with the joined sheet width at accidents amounts

« 19 * ) ' - « . , (5.22)
where q = 1500 N - metal weight;

Q = (24 - 4)-1920 - 1500 = 36900 U.

Transverse load per one side amounts respectively to

= 18450 N.
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For calculation it is assumed that this transverse load
is absorbed by a welding joint through the length 236 mm with
allowance for the joined sheet width (see fig.5). Then tangen-
tial stresses in the welding joint from the effect of trans-
verse load will be

C- ®1 18450 -in O M-nQ

p

Besides, one must consider also a turn of end surfaces of
tray side walls, that according to /11/ amounts to

(a -a ).£3

24-E 3 ' ^-OJ

|v = —(24 - 4;-1^20 _ 9 # 85 8 . 1 0 -5 r a d #

' 24-2-105-2.9914-10°

This turn causes tangential stresses in welding joints
which can be evaluated with the help of the equation

Z = G J ; (5.24)
o.-in5 _c

10 J = 7.6 MPa.

In the course of an accident, connected with coolant loss,
heating of bubbler condenser components occurs.

Lengthening the tray sheet at the increase in an average
temperature from 20°C to 100°C when supposing free widening
will amount to

&,£ = <*•&£•£, (5.25)

where oC= 16.6-10~" 1/grad - temperature elongation factor,

= 16.6-10"6.(100 - 20).1920 - 2.55 mm.

This elongation results in the appearance of resistance
forces in a welding joint, depending on the compliance of tray
components. Compression deformation from the compliance of
temperature expansion will be experienced mainly by tray side
walls together with the joined sheet width whose cross section
surface amounts to F = 4140 mm .

Compliance of the components considered amounts to

e
£F

(5.26)

2-105-
2.318-10"6 mm/N.

4140
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Force, acting on a welding joint with the design length

of 236 ram under the condition that it absorbs the load without

deformation and that the tray sheets don't deflect, amounts to

p- - TT ; (5'27)
p = 215^ = 5 4 9 8 4 4 N #
M 2-2.318-10"6

This force is rather large and capable of causing bending

of thin components (loss of their stability under the effect

of complianed temperature deformations). Therefore let's eva-

luate the behavior of tray side walls and joined sheet width

under the effect of longitudinal forces. According to /17/

critical load for a sheet freely supported on the outline and

compressed in the sheet surface on two edges, is

^k ^h. (5"28)
where Kf - factor, depending on side ratio

For a joined sheet width {i = 93 mm)

p . 4. ^ 2 . 1 0 . ^ 3 ) 2 . 3 = 2258 •.
*P 12-C1 - 0.3^5 9 3

The tray side wall is considered as a sheet, rigidly fi-

xed between the two opposite edges, freely supported by the

third one and not supported by the fourth one; it is compres-

sed by forces directed parallel to the nonsupported edge /17/.

Critical force for this sheet is

where KA - factor, depending on side ratio

For sheet width & = 600 mm

5.78;

a c 70 JT-2-10 r__3 %2 o 7ft ,TP** - 5.78 5— •( 7An' ) • 3 = 78 N.
*/» 12-(1 - O.32) ̂ ° °

Thus total force from the tray heating being transferred

onto the welding joint with the design length of 236 mm, amo-
unts to
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At such a force tray sheets will start to deflect (twist)

and support reaction (welding joints) will decrease. Therefore

twisting tray sheets from the compliance of temperature defor-

mations will have an ultimate value.

Tangential stresses from the effect of tray temperature

expansion amounts to

The to ta l value of tangential s t resses in a welding joint
of a tray sheet with a beam i s

e = r + r + r = 37.2 + 7.6 + 9.5 = 54.3 MPa.
Q 1* T

This value is less than permissible ones for tangential

stresses at AC (see p.4)

£• = 54.3 MPa <0.65-176 = 114 MPa.

5.3.3. Tray sheet is fixed to a load-carrying beam through

an intermediate sheet (see fig.13) made of stainless steel **"

12X18H10T. Under the effect of transverse loads the interme-

diate sheet deflects and in welding joints appear additional

stresses.

The design scheme for the evaluation of additional stres-

ses in welding joints from the deflection of the intermediate

sheet is given in fig.14. This sheet is represented as a beam

of a single width with the thickness of 3 mm and is forced per

unit of its width

= | ^ = 78.2 N/mm.

An additional bending moment in accordance with the adop-

ted design scheme is (see fig.14)

M =Q'- 60 = 78.2-60 = 4692 N-mm.
gon ^1

Stresses in this welding joint due to this moment are

6 . b • 4692*n . 4 m
1-(0.7-/i)2 1-(0.7-3)2

Thus, bending of the intermediate sheet results in the
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occurrance of nonpermissible stresses in welding joints. There-

fore strengthening of these sheets is required or elimination

of their deflection, e.g. by means of complete mating the wel-

ding joint through the length of 240 mm in conformity with

fig.15. Besides to eliminate completely the effect of tempera-

ture expansion of tray sheets on a welding joint it is reaso-

nable to weld a sheet (if possible of a solid cross section

over a length of 240 mm) between the ends of tray sheets.

5.4. Calculation of sheets for bubbler condenser step cei-

ling with stiffening ribs.

5.4.1. A sheet of a bubbler condenser step ceiling is con-

nected with the load carrying beams by means of welding and

has the following dimensions 3x1950x7270 mm. This sheet is

strengthened by ribs disposed each 700 mm and made of steel

12X18H10T with the thickness of 3 mm. The construction of the

step ceiling together with ribs is shown in fig.16. The design

scheme for the definition of stresses in stiffening ribs of

the step ceiling is shown in fig.18. For the design it is as-

sumed that stiffening ribs are rigidly sealed on their ends.

Efficient width of the ceiling sheet, absorbing the load to-

gether with stiffening ribs is equal to 240 mm.

The moment of inertia of the cross section considered is

3K = 1102785 mm
4. Minimum resistance moment is equal to wK =

= 19046.3 mm^* In the course of an accident the sheet of the

step ceiling will be loaded by pressure drop equal to 0.03 MPa.

At the first moment of loading the stiffening ribs together

with the efficient sheet width will absorb the ever increasing

pressure drop, the maximum value of which is equal to 0.03 MPa.

Let's evaluate stresses in a.step ceiling rib under the

condition that a definite load acts on the rib, which is col-

lected from the neighbour areas.

a = 700-4/5= 700-0.03 = 21 N/mm.

The maximum value of the moment on the support is

M c21-1|00 S63.175-1O
5N.

max T2

The maximum value of stresses is

max " M ~ W X 3 " 33 7
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This value is higher than the permissible stresses for

the category of (jS) both according Standards /6/ and to IAEA

recommendations

331.7 MPa ><<5)2 = 227 MPa;

331.7 MPa >(&)2= 208 MPa.

It should be noted, that stiffening ribs in the zone of

maximum stresses will experience plastic deformation, there-

fore -they will deflect and will "act" together with the cei-

ling sheet.

It should be noted also, that plastic deformations of the

construction components in conformity with the requirements of

Standards /6/ are permitted in the event that this doesn't ef-

fect the normal operating conditions of the unit designed

(there are no failures of tightness, unpermissible diforma-

tions of transfer cross sections etc.).

Copies of the acting Standards /6/ with these remarks are

given in Appendix 1.

In case that stiffening ribs act together with the sheets

and don't already absorb the whole load, stresses at the rib

ends are local bending ones (but not general bending ones).

Therefore, these maximum stresses at the rib ends should be

considered as referring to (6)AVcategory of stresses. Por this

category of stresses rib strength conditions are fulfilled

both according to Standards /6/ and IAEA recommendations:

331.7 MPa <(6\v= 378 MPa.

It should be emphasized that in this case stiffening ribs

don't absorb all the load, acting on the ceiling sheet. They

deform together with it and the sheet provides the strength

condition fulfillment.

5.4.2. Tests of observing the strength condition for a

step ceiling sheet in effect on pressure drop A P = 0.03 MPa.

The sheet of a step ceiling is considered as a membrane,

whose edges are hingedly supported and are not displaced as

they are welded to I-beams.

Por calculation of the step ceiling sheet the recommen-

dations stated in reference /18/ are used.

The dimensionless parameter of a load for the conditions

of an accident is
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where g - sheet short side.

.2122-.(1252)4. (1 _0.3
2) =

2-1O5 J

Parameter "U" characterising the sheet strained-deformed

condition is found from the expression

(5.32)

U = i/~&- • 243662 = 29.56.

Dimensionless stresses in the middle surface are

S = - y - = ^"^ b = 291.37. (5.33)

The largest membrane stress in the middle surface is

The dimensionless parameter of deflection is

> = -J-. -^24-24366 = 10.45.

The deflection in the center of a sheet is equal to

j = 10.45-3 = 31.4 mm.

Dimenlionless bending stresses are

where cp = -^-(1 ); (5.37)
" U2 ch U

0= 2 (1 - L e^) = 2.288-10"3;1 29.56 2 ch.<?i»J*>

6** -4--24366-2.288-10"3 *= 41.828.
n 4
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The largest bending stresses are

41.828- 2'10
 0-^srd = 21.7 MPa.n 1 - Q.T

Maximum total stresses in a ceiling sheet are

<S2 = 151.6 + 21.7 = 173.3 MPa.

Thus according to Standards /6/, in a step ceiling sheet

at accidents act the following stresses:

(0) = e = 151.6 MPa;

((3), = (3)2 - 173.3 MPa.

Strength conditions according to Standards /6/ are ful-

filled:

(JS)1 = 151.6 V£a<[(G)f] = 176 MPa;

(G)2 = 173.3 y&&<[(&)2] = 227 MPa.

According to IAEA recommendations permissible values for

stresses (0). are somewhat lower than those in Standards /6/.

Therefore strength conditions according to IAEA recommendati-

ons are not fulfilled.

Por stress categories (<&) , as

(0)/ = 151.6 MPa>/Cs-)J = 139 MPa.

Por stress category (<5) strength conditions according to

IAEA recommendations are fulfilled, as

(0)2 = 173.3 MPa </t<3r)2]« 208 MPa.

It should be noted that, in spite of the fact, that

strength conditions, recommended by IAEA for (6); stress cate-

gory, are not fulfilled, sheets of the step ceiling are capable

of withstanding the given pressure drop AP = 0.03 MPa, arising

at accidents. This is due to the fact, that the values both

for membrane stresses and membrane together with bending ones

are lower than the material yield point.

It should be poined also, that a step ceiling sheet is

capable of withstanding loads without stiffening ribs, dispo-

sed on this sheet,
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Strength conditions of a step ceiling sheet for a (<3),
stress category will be filfulled according to IAEA recommen-
dations, if pressure drop is decreased from 0.03 MPa up to
0.0258 MPa, e.g. at observation of recommendations given in
p.5.2.2.6 of this document.

5.4.3. Stresses are evaluated arising in welding joints
of step ceiling sheets with an intermediate sheet, as well as
of an intermediate sheet with an I-beam (see fig.16).

5.4.3.1. Transverse load per unit length of a welding
joint with a load carrying beam is

Qed = AP- 1 • t\ (5.39)

where Ef = 900 mm - half a distance between the trays of I-
beams.

Qed = O.O3-1-9OO = 27 -js^-mm.

Tangential stresses from this load are

« - ' • ,2.9

These values are lower than the permissible ones for tan-
gential stresses

12.9 MPa<0.5-/sJ = 0.5-176 = 88 MPa.

Strength conditions from the effect of a transverse load
are fulfilled.

5.4.3.2. Shear stress per unit length of a welding joint
of the ceiling sheet with an intermediate one is

qcp = eM h -1 \ (5.40)

%= 151.6-3 = 454.8-^-mm.

Tangential stresses in welding joints (with allowance for
their continuity) are

LcP a-0,7K '

where n = 2 - number of joints.

A • 454.8
t = A'n n ^ = I0o.2 MPa.

These values are higher than permissible ones for tangen-
tial stresses according to Standards /6/.

112.5 MPa > /£J= 88 MPa.
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Therefore it is necessary to unload these joints.

This unloading must be carried out due to welding of an

additional sheets, connecting step ceiling sheets on an I-beam

according to fig.16 (point 1).

It should be noted, that such strengtening according to

the drawing AC 277.00.00.00 CB for NPP "Paksh-1" is already

fulfilled.

Bending stresses, acting in a sheet, are by a factor of

151.6/21.7 = 7 lower than the membrane ones, resulting in wel-

ding joint shear. Therefore in case of strengthening the wel-

ding joints by an additional sheet their strength conditions

are fulfilled.

It should also be noted, that temperature elongation of

the step ceiling sheets doesnft result in tangential stresses

in the welding joints due to high compliance of these sheets

at bending.

5.5. Calculation of sheets of bubbler condenser side walls

with stiffening ribs.

5.5.1. Construction of side walls of a bubbler condenser

together with stiffening ribs is given in fig. 1,2 and 17. The

characteristic feature of these walls is that they are dispo-

sed between load carrying flanged beams and fixed to them by

the long side through intermediate sheets. Height of the walls

for eight steps amounts to 2764 mm, for the lower three steps

it is equal to 2600 mm and for the upper one - 3776 mm. Stif-

fending ribs are mounted every 600 mm on the sheet outer sur-

faces.

5.5.2. Calculation of side wall ribs together with the

efficient sheet width, equal to 240 mm, is carried out concer-

ning the effect of pressure drop AP = 0.03 MPa.

5.5.2.1. Moment of inertia of the considered cross sec-

tion is equal to 306.547-104 mm , minimum resistance moment
3 3

is 38.9*10^ mm . The design scheme for the evaluation of

stresses corresponds to that shown in fig.18. Influence of the

liquid column on the ribs is negligible and thus not taken in-

to account.

Linear load on the ribs due to pressure drop is

a.Ap - O.O3-6OO = 18 N/mm.
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The design length of a rib is assumed as equal to 6 =

2764 nun (i.e. the upper step is yet not considered).

Maximum bending moment from pressure drop is

Mmax e 18-2764 = 1146-104 N.mm.

Maximum bending stress is

= l u i o o l m 294#6 MPa#
maK 38.9-103

These values are higher than the permissible ones at AC

according to Standards /6/

294.6 MPa >[(<5r).J = 227 MPa,

and also IAEA recommendations

294.6 WPa?[(G)£] = 208 MPa.

The stress values obtained exceed yield point of the ma-

terial. Therefore in the zone of rib resting plastic links

will be formed. As a result of it the ribs under the effect of

pressure drop will be working together with side wall sheets

and absorb only part of the load. In so doing strength condi-

tions of the whole wall are defined by the fulfillment of those

for wall sheets.

5.5.2.2. Por the upper step a rib length is equal to

tps = 3776 ram.

Maximum bending moment from pressure drop is

Maximum bending s t r e s s e s are

&£ = e/rv, = 2 1 3 ? ' 1 0 - = 550 MPa.6 maK 38.9-10^

This value is higher than the permissible stresses, defi-

ned by Standards /6/ by a factor of 550/227 = 2.42, as well as

those, recommended by IAEA, by a factor of 550/208 = 2.65.

Therefore these ribs must be strengthened.

5.5.3. The effect of excess pressure AP- 0.03 MPa on a

side wall sheet is considered. The sheet dimensions are 3x2764x

x7250 mm. The long edges of the sheet are nondisplaceable ones,
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as they are welded to I-beams. The calculation is carried out

according to the recommendations of reference /18/. In so do-

ing the sheet is considered as a membrane.

The dimensionless parameter of a load according to (4.32)

amounts to

* 0.03-z v T — / -(1 - 0.3") = 98355.7.
I 2-10 5 •*

Parameter "U" according to (5.33) is

98355.72 = 47.07.

Dimensionless stresses in the middle surface according to

(4.34) are

The largest membrane stress in the middle surface accor-

ding to (5.34) is

6» = 738.7 2 1 ° 2'('7jh~)2 = 191#3 MPa#
j — 0.3

The dimensionless parameter of deflection according to

(5.35) is

$ = -g- • -y/24-98355.7 = 16.64.

The deflection at the center of the sheet is

/ = 16.64-3 = 49.9 mm.

Dimensionless bending stresses according to (5.36) are

n 4-98355.7 ^-j-d 77-57) = 66.59.
4 47.07 4(.U/

The largest bending stresses according to (5.38) are

&n = 66.59 2*1° o'(?7K?) = 17-2 MPa«
1 - 0.32 dlb*

Maximum total stresses in the sheet of the side wall are

<3% = 191.3 + 17.2 = 208.5 MPa.

Thus according to the recommendations of Standards /6/ in

a sheet with the dimensions of 3x2764x7250 mm at accidents act

the following stresses:
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(G)1 = eM = 191.3 MPa;

+ <5n = 208.5 MPa;

= 208.5 MPa.

Strength conditions according to /6/ for membrane stres-

ses are not fulfilled

191.3 MPa>^(&)J = 176 MPa.

According to IAEA recommendations these conditions are

also not fulfilled

191.3 MPa > 139 MPa.

Strength conditions for (<5)2 stress category according to

Standards /6/ are fulfilled

= 208.5 MPa^/(<5;J= 227 MPa.

According to IAEA recommendations for category of stres-

ses (<3)2 strength conditions are really also fulfilled, as

(<3)2 = 208.5 MPa«^&)J= 208 MPa.

5.5.4. A sheet of the side wall of the upper step with

the dimensions 3x3776x7250 mm is considered.

The elongation parameter of this sheet is

For the analysis of the character of strained condition

for this sheet the points and, respectively, the symbols, gi-

ven in p.5.5.3, are used

4. (1 - 0.3
2) = 342590.6;

•342590.62 = 71.36;

<o*= £L^£l = 1697.4;

G = 1697.4 2*1° O-(TT*7T)2 = 235.5 MPa;
1 - 0.32 -*''b

6H = 1*342590.6 2—^-(1 7i—5?r) = 100.9;
* 4 71.362 71*Jfa
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<5n = 100.9-
 2 < 1° 2"

(3775~)2 = u - ° MPa;

6 = 235.5 + 14 = 249.5 MPa.

Thus in the sheet considered stress values are by a fac-

tor of 249.5/208.5 = 1.2 higher than those, evaluated in

p.5.4.3. Therefore this sheet strength conditions are also not

fulfilled.

5.5.5. Proposals are considered aimed at observation of

strength conditions for side walls together with stiffening

ribs from the effect of <aP= 0.03 MPa.

5.5.5.1. Strength conditions corresponding to Standards

/6/ for sheets with the dimensions of 3x2764x7250 mm will be

fulfilled, if the efficient pressure drop on the walls is de-

creased by a factor of 191.3/176 = 1.087, that is to say from

0.03 MPa to 0.0276 MPa.

For observation of strength conditions according to IAEA

recommendations it is necessary to lower pressure drop by a

factor of 191.3/139 = 1.38, i.e. from 0.03 to 0.0217 MPa.

5.5.5-2. For the sheets of the upper step with the dimen-

sions of 3x3776x7250 mm observation of strength conditions,

recommended, by IAEA, will be at the decrease in pressure drop

by a factor of 235.5/139 = 1.695, i.e. from 0.03 MPa to

0.0177 MPa.

Pressure drop decrease may be achieved due to application

of the recommendations for changing the construction of the

cap side walls, given above in p.5.2.2.6.

5«5«5.3. In the course of an accident, connected with

coolant loss side walls together with stiffening ribs are war-

med up. The ribs considered are disposed on outer surface of

sheets between the fixed I-beams, fastened to the bulky conc-

rete walls. It should be expected that the bubbler condenser

metal construction will be warmed up more quickly than conc-

rete walls. As a result of it the ribs considered will expe-

rience constrain of temperature deformation and can loose sta-

bility from the effect of temperature forces.

Let's evaluate the possibility of stability loss. Comp-

liance of a stiffening rib together with the joined sheet

width is

•\>= £. Fp ' (5.42)
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where 6 = 2764 mm - design length of a rib;
2p = 1572 mm - rib surface together with the efficient

sheet width,

^ = 2764 = 8 7 9 1 0 -
6^ 9

p 2-10D- 1572

Temperature elongation of a rib at the increase in its
temperature by &£ = 100°C is

=°c-At£ = 16.7-10"6- 100-2764 = 4.6 mm.

Temperature forces in a rib are equal to

k i _ = 525130 N.
8.7-10~b

Compression stress in a rib from temperature expansion,
if it assumed, that the rib conserves stability, (i.e. it
doesn't decline from the straight line position) is

5251 30 -̂,. , -̂6 - ?*:£nZ = 334 MPa.T 1572

Thus, if a temperature of the wall rib increases by 100°C,
then compression stresses arise in this rib that exceed consi-
derably the yield point. This results in stability loss /19,
20/, as

fly > <p. aTpo2 , (5.43)

where <p < 1.0 - factor, decreasing the design compression re-
sistance;

R =189 MPa - material yield point at 100°C.
po.i

It should be noted that maximum total stresses in the
ribs considered, that refer to the stress category (6)R , are

+ <S_ = 294.6 + 334 = 628.6 MPa.

This value is higher than the permisible one /6/

628.6 MPa>^J= 378 MPa.

Peculiarity of the problem considered consists in the fact
that as soon as the rib swelling from the effect of warming up
begins, the support response, equal to the compression force
in the side, will decrease. Therefore intense swelling may
occur only at the progressing temperature increase /19, p.225/.
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In the considered case temperature has a finite value. There-

fore the ribs will deflect due to the effect of warming-up and

will take load together with the rib sheet.

It should be noted that if in the course of an accident

the rate of pressure drop increase defines that of the wall

temperature growth by several seconds, then this will effect

positively the behavior of these walls. This is accounted for

by the time of weir opening not exceeding one second /3/. Af-

ter the weir opening pressure drop on the walls decreases se-

veral times and bending of the ribs due to temperature defor-

mations will influence negligibly on the serviceability of the

whole side wall, as the sheets may absorb decreased pressure.

5.5.5.4. Thus strengthening of side walls is possible also

due to the increase of the rib number on their surfaces. In so

doing the number of ribs with the length of up to 2764 mm must

be doubled. The number of ribs for the upper step of 3776 mm

in length must be tripled. To eliminate the effect of tempera-

ture warming-up on the stability additional ribB must be dis-

posed between the existing ones on the inner surfaces of the

side walls (i.e. on the surfaces being in contact with liquid).

In so doing the rib ends must be welded over the whole circum-

ference to the sheets of trays and step ceiling.

5.5.5.5. Stresses in the sheets of side walls are evalua-

ted in condition, that they are strengthened by ribs. The de-

sign distance between the ribs is taken as equal to 300 mm.

The calculation is carried out according to /16/ similar

to that in j>. 5 #3.1.

When 6 = 300 mm and A P = 0.03 MPa according to (5.19)

c-v- T / = 1 5 ;
2-1O5 i

Ig/fi5-(1 - 0.32)/ = 1.094;

</> = 0.382; u= 2.02 - factor according to the table in

/16, p.207).

According to (5*18)

15-0 - 0.32)-0.382 = 0.814;

j. - 3-0.814 = 2.44 mm;
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e* = ^2i T-= 1.494;
y 3-(1 - O.32)

= 1.494-2.10^ = 4 # ? 8 M p a #

(75O/3)2

It is evident that strength conditions for side wall

sheets at their strengthening by stiffening ribs are fulfilled.

5.5.5.6. Let's evaluate the possibility of stability loss

for side wall ribs, when they are disposed on inner surfaces,

from the constrain of temperature deformations.

According to the data of the detail design maximum water

temperature on the trays amounts to 65°C Therefore one may

expect that temperature increase in the ribs considered amo-

unts to

AT = 65 - 20 = 45°C

Compression stresses in a rib are (see p.5.5.5.3)

= 15° MPa'
The flexibility of the rib considered is /20/

, «.44)

where P = 0.5-2764 = 1382 mm - reduced length;
nP A.

3 . = 3065470 mar - minimum moment of intertia for a rib
rnCn

together with the efficient sheet

width;

p a 1572 mm - cross section area;

Ji = 1382/-/3O6547O/1572 = 31.3.

The limiting value for flexibility is

= 102.

As X^^yy^t then the critical value of stress is defined

with the help of the expression (5.43) at cp=f(X) equal to 0.9

according to /20/.

Therefore rib swelling from the constrain of temperature

deformations is possible at stresses equal or over to

<3r = 0.9-189 = 170 MPa.



44

It should be noted that stresses from the constrain of

temperature deformations are controlled "by permissible values

for stress ranges equal to/(6̂ )̂ Ĵ= 378 MPa,

5.5.6. Stresses in intermediate sheets disposed under as

well as over the side wall on extreme support beams are evalua-

ted. The design scheme for stress calculations is given in

fig.19. An intermediate sheet is considered as a beam one with

a unit width and thickness of 3 mm loaded by a force being

transferred from the sheet of the side wall.

This force per unit of width of the intermediate sheet

considered is

Q = G h = 191.3-3 = 573.9 N/mm.

Maximum bending moment is

M = 573.9- ^ikk ' » 20015 N-mm.
max ti\j\j

Maximum bending stresses are

_ 20015-6 a 1 3 3 4 3 M P a
& " 1>32

This value is significanlly higher than the permissible

one, therefore strengthening of the mating zone of side walls

with load-carrying beams is required.

5.5.7. The suggested version for strengthening of this

zone is given in fig.20.

In accordance with this version additional ribs are ins-

talled on the inner surface of the wall every 300 mm. A sheet

of the side" wall is connected directly with the I-beam through

a backing sheet with the help of short ribs.

In this case maximum value of the bending moment in a rib

of the upper step of 3776 mm in length will be

M = 2139-104/2 = 1069.5-104 N-mm.
max I

Minimum resistance moment with allowance for the presence
of short ribs in dangerous cross section is equal to w =

•a -t men

m 47-10-' mnr.
Maximum values of bending stresses are

& = 1069.5 -10
4 _

6 47-103

= 227 MPa.
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Strength conditions according to /6/ for stresses of the

category (6)/fv are fulfilled.

With allowance for the constrain of temperature deforma-

tions the value of stress ranges will be

(6) = 227 + 150 = 377 MPa.

Strength conditions according to /6/ for stresses of ca-

tegory (p)Rv in ribs with the length of 3776 mm are fulfilled.

377 <[&„] = 378 MPa.
Strength conditions for shorter ribs of the lower steps

are also automatically fulfilled.

It should be noted that, if recommendations of p.5.2 are

met, which allow pressure drop onto the bubbler condenser

walls to be decreased, then correspondingly the rib number may

be reduced and in general one may refuse from welding additio-

nal ribs, pos.4 in fig.20.

5.6. Calculation of sheets of bubbler condenser face

walls with stiffening ribs

5.6.1. The construction of a bubbler condenser face wall

together with stiffering ribs is shown in fig.1, 2 and additio-

nally in fig.21. The characteristic feature of the face wall

is that its sheets are only partially rested by their long si-

des on Ibeams through intermediate sheets and over the whole

length they are joined to the sheets of trays and ceiling.

Short sides of the sheets of the face wall join those of the

side walls. Sheets of the face wall are strengthened by ribs

disposed on- inner surfaces every 600 mm whose construction is

similar to side wall ribs. Height of face wall sheets is equal

to that of side wall sheets. Therefore main recommendations on

strengthening the side walls by ribs are applicable also for

face ones.

5.6.2. Let's define forces that can be absorbed by the

sheets of a tray and step ceiling in their plane (see fig.22).

For sheet freely rested on the circumference according to

/17/, the critical value of stresses is

$ZE ho
<3 K ( )= K ( J ) , (5.46)

Kp ' 12-(1 -ju2) &

where
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& m 4-
p 12(1 - 0.32)

The critical force is

= 1.6 MPa.

PK = 1.6-3-2000 = 9760 N.

A force, acting on the sheets of trays and step ceiling

over a length of 2000 mm in the plane of these sheets, resul-

ting from pressure drop AP= 0.03 MPa on face walls, is

q = 0.03 2000 2764/2 = 82920 N.

This value is higher than the permissible one, therefore

strengthening of the mating zone for sheets of bubbler conden-

ser face wall and those of tray and step ceiling is required.

Besides it is necessary to strengthen the mating zone of

face wall sheets with those of side walls. This strengthening

may be carried out due to the use of additional ribs and links

as shown in fig. 23. Additional braces can be fixed either to

the backing details on concrete walls or directly to load car-

rying beams, as shown in fig.24.

5.7* Calculation of support flange beams for static loads

5.7.1. Support beams are made as flange beams N 60 in

conformity with GOST 8239-72, steel BCT3 GOST 535-68 according

to the detail design. The beams are mounted each 2000 mm along

the horizontal line. Along the vertical line three lower steps

are disposed each 3200 mm, the rest - each 3370 mm. The beams

are fixed to the supports embedded into concrete walls. In

conformity with the requirements of the detail design beam fi-

xation to the supports must provide absorption of the acting

loads.

At NOC loads from the proper weight, that of water, trays

and ceiling act on the beams.

Weight of beam proper is £ = 1.04 N/mm.

Weight of water per 1 mm of intermediate beam length is

=10 N/mm.

Weight of trays per 1 mm of intermediate beam lenght is

2.08 N/mm.

Weight of face walls per one beam is QCT- 2050 N.

To facilitate calculations let's assume that this weight

is distributed over the beam length with an equivalent load

a

of
JLC
=1.0 N/mm.
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Thus, the total value of distributed weight loads over

the tray length without allowance for "beam weight is

= 10 + 2.08 + 1.0 = 13.08 N/ram.

At accidents forces from the effect of pressure drop on

bubbler condenser walls will be additionally transferred. In

so doing on intermediate beams, mounted at the second and the

following steps, forces from pressure drop will be mutually

ballanced (see fig.21) and will not cause bending of these

beams. On the beams, disposed in the lower steps, forces CL

from pressure drop on lower trays, equal to

a = 1-2000-0.03 = 60 N/mm.
TAP

On the extreme beams, disposed under the side walls, will

act forces,.from pressure drop, on side walls. Besides, on the

extreme beams will act also horizontal forces Hr from tray and

step ceiling sheets, that "work" as membranes. On intermediate

beams these horizontal forces are mutually ballanced.

At accidents, resulting from pressure effect on reinforced

concrete walls longitudinal forces A will be transfered on

the support beams, maximum values of which are equal to 136x

x10 N in conformity with the documents, e.g. for Rovenskaja

NPP.

5.7.2. In fig.25 a design scheme is given for the calcu-

lation of stresses in intermediate I-beams of the lower step

from the effect of the loads listed above.

In this design we take into consideration, that longitu-

dinal forces for the beams of the lower step, resulting from

the effect of excess pressure on concrete walls ere practical-

ly equal to zero, i.e. deflection of these walls at the base

is practically absent.

If load carrying beams are fixed rigidly to the supports,

then the values of the support moments at accidents will be

equal /11/

MA =
(5.47)

where Kf = /-(225O/855O) = 0.082 - factor;

Kz =i- (7250/8550) = 0.074 - factor.
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M = (60 - 13.08 - 1.04)-85502-0.082 = 2.84-108 N-mm;

M = (60 - 13.08 - 1f04)-85502-0.074 = 2.56-108 N-mra.
6

Stress values will be correspondingly

eA „ 2.84-108 , 1 l 3 M P a ;
* 2510-10-3

SB = 2.56-10
8
 = 1 0 2 M p a #

£ 2510-103

These values are lower than the permissible ones,specified

by Standards /6/

113 MPa ̂ [(6)2] = 235 MPa

and specified by IAEA

113 MPa < 156 MPa (see table 4.7).

In condition, that I-beams are hingedly fixed to the sup-

ports, maximum value of the bending moment is /11/

Or • a2 ?e T 8 <2 "5> » (5.48)

where a = 7250 ram - beam length on which pressure drop acts;

£ = 8550 mm - full length of a beam;

JJ « a/e = 7250/8550 - 0.847,

Af a (60 - 13.08 - 1.04)»7 l^° -(2 - 0.847) = 3.59-108 Nmm;max °

2510.103
H3MPa.

This value is also lower that specified both by Standards

/6/ and recommendations of IAEA. Thus intermediate beams of

the lower step are capable of absorbing the loads both at hin-

ged fixation and at complete fastening the end sections.

5.7.3. Pressure drop doesn't act on the intermediate

beams of the second and disposed above steps. Therefore ben-

ding stresses in them will be caused only by weight loads. Ma-

ximum bending stresses even under the condition of hinged fi-

xation are equal in this case

""** IAI 13*08 + 1.04 j, A MX).,

*s - 143'66 - 13.66 - 1.04 = 4 4 MPa*

Membrane stresses from longitudinal forces are equal to
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103 MPa.
m " F 132-102

Reduced stresses (6) will be

05) = <5 + 0 = 44.5 + 103 = 147.5 MPa.

These values are also lower those specified by Standards

/6/ and IAEA recommendations /2/.

Thus, strength conditions of intermediate support beams

of all steps at accidents are fulfilled both at their hinged

resting and at rigid fastening.

But to eliminate shear of welding joints from longitudi-

nal forces,arising in beams from pressure on the concrete walls

it is necessary to use rigid fastening.

5.7.4. Design scheme for evaluation of stresses in extre-

me beams of the lower step at accidients is given in fig.26.

Weight loads will act on these beams from:

the beam weight proper y. = 1.04 N/mm;

tray weight t^. = 1.04 N/mm;

water weight a, =5.0 N/mm:

wall weight ̂ c r= 0.7 N/mm.

The total value of the distributed loads without allowance

for beam weight is a.' = 6.74 N/mm.

The vertical distributed load on the end lower beam from

pressure drop on the lower tray is

a' = 1-1000-0.03 = 30 N/mm.

The distributed horizontal load on the end lower beam

from pressure drop on side walls is

% s *> 1-^|°^-0.03 = 39 N/mm.

Besides, membrane forces in tray sheets being transferred

to the end lower beams are taken into consideration.

The distributed horizontal load from these forces is /18/

where 0 =67.7 MPa - membrane stresses in tray sheets acting

in parallel with a short side (longitudi-

nal axis of the support beam)(see p.5.3.1).

q. = 0.3-3-67.7 = 60.93 N/mm.
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Membrane forces in side wall sheets are also taken into

account. In so doing it is assumed, that side walls of the lo-

wer step are strengthened by ribs.

The distributed vertical load from membrane stresses in

side wall sheets is evaluated similarly (5.49) at & = 4.48 MPa.

q- = 0.3-1-3-4.78 = 4.3 N/mm.
'eSe

Torque from out-of-center load application per unit of

length on the shelves of the end beams of the lower step is

(see fig.25)

m = (60.93 + 39)-300 + 4.3-01*r - 45) = 30194 N-mm/mm.

5.7.5. Stresses in end beams of the lower step at acci-

dents are evaluated

5.7.5.1. If end beams are rigidly fixed to the supports,

then the values of the support moments at accidents from verti-

cally directed loads are determined by the expression (5.47)

(see p.5.7.2).

M. = (30 - 6.74 -1.04 + 4.3)-85502-0.082 = 1.59-1O8 N-mm;
" t>

M = (30 - 6.74 -1.04 + 4.3)-85502-0.074 = 1.435-108 N-mm.

The values of bending stresses are

<o* = 1'5?-10* 63.3 MPa;
* 2510 -10-*

•~8 1.435-108 c 7 o Turn,,
g 251O-1O:)

Values of the bending moments from horizontally directed

loads are

M = (60.93 + 39) -855O2- 0.082 = 5.99-108 N-mm;
AH 2 R

M = (60.93 + 39)-8550 • 0.074 = 5.41-10° N-mm.
OH

The values of bending stresses are correspondingly equal

*; .SiSfcJfi!. 3310 MPa;
eH 181-103

e
B = 5'41'108 = 2987 MPa.
&H 181-10"*

These values are certainly higher than the permissible

ones, therefore strengthening of the end beams of the lower
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step in horizontal direction is required with allowance for
torque effect. This strengthening can be realized according to
fig.27 "by means of introduction of additional beams (links),
fastened to the reinforced concrete walls.

Additional beams may be inserted also between the lower
end support beams and the adjacent ones.In so doing to compen-
sate the effects of temperature expansion additional beams are
recommended to be made bent.

5.7.5.2. Tangential stresses in end support beams from
out-of-center application of horizontal loads are determined.
Let'B assume, that these beams are strengthened according to
fig.27, additional beams are disposed at a distance of t1- 1.5 m
from each other, and in the mating zone with additional beams
there are stiffening ribs limiting torsion of support beams.

Then maximum torque will be

Mna*=m — = 3 O 1 9 4 - 1 ^ = 226.455-105 N-mm.

Resistance moment to torque of a flange beam according

to /12/ is ^

IVX = — T ~ ' 2> " h- • 8 • f (5.50)

where h. and 8^ - width and thickness of the cross section of

a flange beam components, respectively (see

fig.25).

Wxp = 1^.(564.4 -11.12 + 2-17.82-190) = 75975,5 mm3.

.Tangential stresses are

~ MKP* 226.455-105455 -

75.5" ~ iv " 75975.5
These values are higher than the permissible one, equal

to 88 MPa.

Taking into consideration that end beams of the lower

step experience compound stresses (bending in two planes and

torque) it is recommended to strengthen these beams additio-

nally according to fig. 28 (to weld additionally longitudinal

ribs parallel to the load carrying beams).

5.7.5.3. Geometrical characteristics of the support beam

cross section together with a longitudinal stiffening rib are

shown in fig.28. Position of the bending center for this cross
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section is defined according to /11, p.320/ as for a compound

cross section, consisting of a flange beam with different

shelf width and also according to /21/.

Torque from out-of-center load application distributed

per unit length, for a cross section of lower step end beams

considered amounts to

m = (60.3 + 39)-(69.2 + 1.5) + 4.3-(99 + 7 - 45) = 7270 N-mm.
«p

Maximum torque when strengthening beams every 1.5 meters

amounts to

Mmax = 727O-^5-2°- = 546-104 N-mm.
np c.

Tangential stresses are

c = 546-io
4
 = 6 0 M P a #

9O.3-1O-3

This value is less than a permissible one, equal to 88 MPa.

5.7.5«4. Analysis of the results obtained shows that end

beams of the lower step must be strengthened. This strengthen-

ing can be made by several methods. Taking into account, that

horizontal loads to a great extent define stress level it may

be recommended to decrease in outward thrust forces from tray

sheets by strengthening these sheets by stiffening ribs. The

ribs must be installed perpendicular to the end and adjacent

load carrying beams between the cap side walls.

Besides, horizontal loads on end beams may be consideraby

decreased at lowering pressure drop on bubbler conseder side

walls due to the introduction of the proposals, ahown in

p.5.2.2.6.

The final method for strengthening the end beams of the

lower step must be chosen on the basis of the existing possi-

bilities and concrete conditions at nuclear power plant (ac-

ting or building one etc.) and coordinated with the parties

concerned.

5*7.6. Stresses in the end beams of the second and higher

steps at accidents are evaluated

5.7.6.1. On end beams of the second and higher situated

steps pressure drop, acting on joining sheets of trays and

ceiling, is mutually balanced and doesn't cause bending in

these beams in vertical direction.
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Weight loads, given in p.5.7.4, will act on the beams con-

sidered. Maximum distributed horizontal load from pressure drop

on a side wall acts on the upper shelf of the end upper support

beam and is equal to

1.^
75§P-.o.O3 = 56.7 N/mm.

Distributed horizontal load from membrane forces in tray

sheets, being transferred to the upper shelves of the upper

support beams according to p.5.7.4 is equal to

q = q = 60.93 N/ram.

Distributed horizontal load from membrane forces in cei-

ling sheets, being transferred to the lower shelves of the end

support beams, is defined by the expression (5.49) at

Q = 151.6 MPa (see p.5.4.2);

n = 0.3-1-3 151.6 m 136.4 N/mm.

Distributed horizontal load from pressure drop on bubbler

condenser side walls, acting on lower shelves of the end sup-

port beams, is

« = 1- £' -0.03 = 41.6 N/mm.

Loads acting on end upper beams are shown in fig. 29.

The analysis shows that end beams of the upper steps are

loaded in horizontal direction more than those of the low step.

Therefore they must also be strengthened. This strengthening

can be performed by different methods, stated in p.5.7.5.4.

A possible version of upper beam strengthening is shown

in fig.30. In so doing additional longitudinal ribs of diffe-

rent width are welded to the shelves of load-carrying beams.

This provides equality of bending resistance for the shelves

of load-carrying beams and allows torsional strain of the end

beams to be eliminated (or at least to be lowered).

It should be noted also, that strengthening of transverse

beams (pos.3 in fig.30) can be realized not to the concrete

wall but to additional beams, mounted parallel to the exist-

ing ones.
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5.8. Design of support flange beams for seismic loads

5.8.1. Design for seismicity is carried out according to

Standards /6/ for combination of modes: NOC+SSE and NOC+OBE.

In calculations of angular natural frequency a support flange

beam is considered as a linear single beam with constant cross

section rigidly fastened from both ends. Transverse angular

natural frequency of a beam in a vertical plane is defined by

the expression:

Iy
E • Jx

—

where ^ - factor, depending on the beam fixation conditions;

B = 2.0 -1011 Pa - elasticity modulus of the beam mate-

rial;

J = 7.545'10 m - inertia moment of the beam cross

section;

t = 8.55 m - length of a beam between supports;

ju = 1312 kg/m - linear mass of a beam with allowance

for the additional mass of liquid.

A beam linear mass comprises natural linear mass of the

beam - 104 kg/m, tray mass per 1 meter of the beam length -

208 kg/m.

Liquid mass per 1 meter of a beam is equal to 1000 kg/m

CO. = - i ^ . / - 1 0 V / i F ^ ^ = 21-8 rad/s.
s 8.552 1J

The first natural vibration frequency in a vertical plane

±B -/, = -J2L. (5.52)

4-, = 3.47 Hz.

Numerical value of the first natural vibration frequency

of a beam turned out to be lower than 20 Hz, therefore accor-

ding to Standards /6/ the design must be performed by the li-

near - spectral method.

In the design we confine ourselves to five natural forms

of beam vibration, assuming, that the rest forms of vibration

are not realized.

5.8.2. According to the response spectra /6/ accelerations

for each form of the beam natural vibration are defined. For

seismicity of 5 points on a scale at OBE acceleration value,



defined by the response spectra, is multiplied by a recalcula-

tion factor, equal to 0.06 and at SSE - by a factor, equal to

0.12.

Numerical values of natural frequencies and accelerations

of a beam in a vertical plane at OBE and SSE are given in

table 5.1.

Table 5.1

Factor

4.7
7.86

10.99

14.137

17.279

Natural frequency
of vibration

jL , Hz

3.47

5.8

8.1

10.4

12.7

Acceleration of beam ver^
tical vibration, a£ , m/s*

OBE

2.22

2.25

1.41

1.35

1.32

SSE

4.44
4.5
1.82

1.7

2.64

5.8.3. Seismic load corresponding to the i-th form of na-

tural vibrations, being defined by the expression /6.22/

SL= i"-<V3f "Pi > (5'53>
where ju = 1312 kg/m - beam linear mass with allowance for ad-

ditional mass of liquid;

ct; - acceleration of horizontal vibrations correspon-
2

ding to i-th natural frequency, m/s ;

77- vibration constant, tabulated value;

Cp£- natural form vibration, corresponding to the value

-of kL.

Natural form of vibrations is defined by the expression

722/

= sin -j~-sh -£—+AL(ch-f- -cos-f-j, (5#54)

p
where x = — = 4.275 m - coordinate of the beam middle section;

2
A^~ constant, depending on the beam form number.

Calculation results of natural vibration forms, values of

factors Ai and T)^ and seismic forces S^ are given in table 5.2,

Total seismic force in a vertical plane is defined accor-

ding to /6/

S = V 2 sf . (5.55)
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where S - total seismic force in the cross section considered,

N/imn;

S. - force in the j-th section for the i-th form of vib-

rations.

Table 5.2

Numbers of

forms

1

2

3
4
5

AL /22/

1.02

0.999
1.00

0.9999
1

#722/

0.81
0

0.38
0

0.2314

0.97
0.32

0.75
0.69
0.7

OBE

2334
0

527
0

282

, N/m

SSE

4668
0

1054
0

564

Let's consider one cross section in the middle of a beam

span
= 2409 N/m.

We think that seismic load with such an intensity is uni-

formly distributed in a vertical plane along the beam length

at .OBE

nni = 2409 N/m;

at SSE 9,*"* . 4818 N/m.
5.8.4. The calculation is carried out similarly for eva-

luation of seismic loads in a horizontal plane. In equation

(5.51) let's replace the moment of inertia a, for J = 1.72x

x10"^ m , all the other values remain the same.

Numerical values of natural frequencies and beam accele-

rations in a horizontal plane are given in table 5.3.

Table 5.3

Factor of
a form

X-/22/

4.7
7.86

10.99
14.137

17.279

Natural frequency
of vibration

h » H*
1.7
2 . 8

3.9
4.96

6.07

Acceleration of beam ho-
rizontal vibrations a, ,

m/s2 L

OBE

0.72
1.8

5.22

5.25

5.28

SSE

1.54
3.6

10.44
10.5

10.56
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Seismic load is defined by the expression (5.53), that

corresponds to the i-th form of vibrations being evaluated ac-

cording to (5.54). Calculation results of the forms of natural

vibrations and seismic forces, acting on a beam in a horizon-

tal plane are given in table 5.4.

Table 5.4

Numbers of
natural
forms

1

2

3
4
5

A. /22/
if

1.02

0.999
1.0

0.9999
1

Pc /22/

0.81

0

0.38

0

0.23H

0.97
0.32

0.75

0.69

0.7

OBE

757
0

1951
0

1121

, N/m

SSE

1514
0

3902

0

2242

With the help of the equation (5.55) the total seismic

force in a horizontal plane is defined

S = 2374 N/m;
r

nm = 2374 N/m;

MPS = 4748 N/m.
7s r

5.8.5. Frequency of natural longitudinal vibrations of a

beam are defined according to the equation /23/

(5.56)

where ar- 3.14 - factor, depending on the beam fixation; it
0

is evaluated as a function of the wave num-

ber /23/;
- cross section area of a beam;

A

F = 132-10 m
£ = 8.55 m - beam length;

£ s 1.95«10 Pa - elasticity modulus of the beam mate-

rial;

LJ = 1312 kg/m - linear mass with allowance for additio-

nal mass of liquid.

= 82.9 Hz.

If the first natural frequency of vibrations is higher

than 20 Hz, then the calculation can be carried out according

to Standards /6/ by means of s statistical method with multi^
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plication of accelerations obtained according to the general

spectrum of response to the factor equal to 1 for a frequency

over 35 Hz.

With the help of generalized response spectra acceleration

of longitudinal vibrations is defined with allowance for recal-

culation factor for seismicity of 5 at OBE

an= 1.32 m/s 2.

Longitudinal seismic force on a beam is defined by an

equation

where m = 9439 kg - beam mass with allowance for the additio-

nal mass of liquid.

F = 9439-1.32 = 12460 N.n.
Scheme of beam strain from seismic effects is given in

fig.31.

8.5.6. For a beam rigidly fastened from both ends and

strained by distributed load with an intensity a. , the maximum

bending moment is defined according to expression /11/

Rr- P2

where ^ = 8.55 n = 8550 mm - beam length between fixations.

In a vertical plane at

= 2408 N/m, M ^ x = 1.47-1O7 N-mm,

*"* 7at a"« = 4818 N/m, A?*"*- 2.94-1O7 N-mm.

Bending stresses in a beam is defined by

< 5- 5 9 )

where Muiz - bending moment in a beam cross section, N-mm;

W - resistance moment of a beam cross section, mm .

In a vertical plane at

1.47-10'

5.8 MPa;

=1.47-10' N-mm, iv = W=2.51-1O mm;

&
"PS =11.6 MPa.

In a horizontal plane the maximum bending moment is defi-

ned by the equation (5.58)
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M = 1 . 4 5 - 1 0 7 N-mm;
»iaxr

M"PS = 2 . 9 - 1 0 ' N-mm.
TJax

Bending stresses in a horizontal plane are defined by the
equation (5.59).

At w = w = 1.81-10^ mm3;

®£3.- 8 0* 1 M P a?

= 161 MPa.

The total bending stresses are:

= -/s/^ + e£ ; (5-60)

At OBE

or

<3,

6 ™ = -1/5.82 + 8.02 = 80.3 MPa;

At SSE
JUPi
y£ = 160.5 MPa.

Membrane stresses from longitudinal forces are:

where F = 1.32-10^ mm - cross section area of a beam.

(5.61)

<3m = 0.94 MPa.
MPS

(Gs)t = Gm* 0.094 MPa; (ss)f = 1.88 MPa.

The reduced stresses are defined as

(5.62)

f y/13

(G) = G + G, •

0.94 + 80.3 = 80.97 = 81 MPa;

162 MPa.> »/̂
The reduced maximum stresses at the combination of modes

NOC + OBE and NOC + SSE are given in table 5.5. Membrane
stresses in beam cross sections at NOC are equal to 0, and
bending ones are <5̂  = 44 MPa (see p.5.7).

Table 5.5

Mode
c ombina t i ons

NOC + OBE

NOC + SSE

0.94
1.88

164
192

fft)J
126
208

219
247
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Analysis of the results, given in table 5.5f shows, that

conditions of seismic stability for support flange beams are

fulfilled.

The design is carried out for intermediate beams which

have links between each other in a horizontal plane, increas-

ing their rigidity and which are not taken into account in the

design.

Therefore actual stresses in a horizontal plane will be

lower the calculated ones*

The end side beams are supposed to be strengthened by

stiffening ribs that allows them to take seismic loads better

than intermediate ones.

Besides the additional mass of liquid for end beams is

twice as low as that assumed in the design. This reduces con-

siderably the value of seismic forces acting on them.
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6. CONCLUSIONS

6.1. The results of strength analysis for the main metal

construction elements of a bubbler condenser structure in LOCA

systems at nuclear power plants with WVVER 440/213 units, deve-

loped in 1978, are contained in this document. The calculations

are given in conformity with the documents and guidelines of

IAEA on the choice of permissible stresses acting in Russia in

1995- The effect of pressure drop equal to 30 kPa on the bub-

bler condenser walls as well as seismic effects on I-beams are

taken into consedaration in calculations.

6.2. The analysis of calculation results indicates that

to observe all strength criteria and to provide safe operation

of the whole structure of a bubbler condenser it is necessary

to enhance the elements listed below:

- vertical ribs on the side walls of the caps (pos.9 in

fig.2). The proposed variant of strengthening is whown in fig. 10

and is described in p.5.2;

- welding joints, securing a sheet to the I-beam. The va-

riant proposed for strengthening joints along the length of

240 mm due to full penetration of the strip, pos.2 is shown in

fig.13 and 15 and is described in p.5.3;

- the sheets of side and face walls of a bubbler conden-

ser, as well as the mating . zone of these walls with I-

beams. The proposed variants of strengthening due to introduc-

tion of additional ribs and couplings are shown in fig. 20, 23,

24 and are described in p.5.5 and 5«6;

- outer I-beams, disposed under the side walls of a bub-

bler condenser. A horizontal side load from pressure drop and

spreading forces from the coupled ceiling sheets and those of

each step act on the I-beams. Strengthening of outer I-beams

is described in p.5.7 and may be performed due to the use of

additional beams and ribs according to fig.28, 30.

6.3. Strength conditions of the ceiling sheet of steps

are observed for all types of stresses in conformity with the

requirements of standards acting in Russia, but the values of

membrane stresses are by 9 per cent higher than the permissible

ones recommended by IAEA. We consider, that the capacity of

these sheets for work will be ensured, as membrane stresses are

lower than the material yield stress by a factor of 1.3.
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6.4. Fulfilment of the recommendations on strengthening

of the elements listed above in p.6.2 allows at the loads gi-

ven realization of practically all strength criteria and seis-

mic stability, specified both by the acting in Russia stan-

dards and IAEA recommendations to be provided.

6.5. In this report it is offered to consider the method

of pressure drop decrease, that acts on bubbler condenser walla

at accidents. This method consists in performing additional

holes or rectangular slots on side walls of the caps on the

sheets (see p.5.2.2.6). The introduction of the method propo-

sed, in case of absence of the decrease in process values for

steam condensation will allow the operating reliability for

all elements of the bubbler condenser metal constuction to be

increased.
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1 - несущая балка; ii - лицевая стенка с ребрами яесткости;
12-боковая стенка с ребрами жесткости .

Рис.1. Общий вид конструкции барботера-конденсатора.

1-load carrying beam (I-beam); il-face wall with stiffening ribs*
12-side wall with stiffening ribs

Fig.I. General view of the bubbler condenser structure
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1-несущие балки; 2-опоры; 3-промежуточная накладка из нержавеющей
стали; 4-пластина тарелки; 5-горизонтальные ребра жесткости на
пластине тарелки; б-верхняя накладка из нержавеющей стали;
7-крышка тарелки; 8-торцевая поверхность тарелки; 9-вертикальные
ребра жесткости на стенке крынки; 10-верхние ребра жесткости на
крывках тарелок; 11-лицевая стенка с ребрами жесткости;12-боковая
стенка с ребрами жесткости; 13-тарелка потолка яруса с ребрами
жесткости; 14-сварной ю в тарелки потолка яруса к несущей балке.

Рис.2. Конструктивные элементы барботера-конденсатора.

i-load carrying Ьеаш (I-beam); 2-beai support; 3- stainless steel
intermediate band; 4-tray sheet; 5-horizontal stiffening rib of the
tray sheet; 6-stainless steel upper band; 7-cap; 8-tray face
surface; 9-werticel stiffening rib on the cap wall; 10-cap top
Stiffening rib; il-face wall with stiffening ribs; 12-side «all
with stiffening ribs; 13-step ceiling plate; 14-weld fixing the
ceiling plate to the I-beaœ.

Fig.2. Structural eleients of the bubler condenser.
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* - размер для различных тарелок мовет меняться от 300 до 460 мм.

Рис.3. Поперечное сечение тарелки совместно с горизонтальными
ребрами.

* - diiension for different trays lay differ froi 300 to 460 urn.

Fig.3. The cross - section of the tray with horisontal stiffening
ribs.
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i-горизонтальные ребра жесткости; fl-характер деформирования горизонтальных ребер
Рис.4. Секция из тарелок с колпочками (крышками) и расчетная

схема для оценки прочности горизонтальных ребер.

1-horizontal stiffening ribs; fl- deformation character of horizontal ribs.
Fig.4. Section of trays with caps and the calculations scheme

for strength analys of horizontal ribs.
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1-боковая стенка тарелки; 2-боковая стенка крынки; 3-вертикальное
ребро 3x20 мм; 4-вертикальное ребро тарелки; 5-горизонтальное
ребро; ц.т.-центр тяжести.

Рис.5. Поперечное сечение тарелки совместно с крышкой.

1- side wall of a tray; 2- side wall of a cap; 3- vertical rib
3x20 im; 4- vertical rib; 5- horizontal rib of a tray;
ц.т. - centre of gravity (c.u.)

Fig.5. The cross-section of a tray togethee with a cap.
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Р - давление гидростолба на боковую стенку тарелки и пластину
тарелки;

1 - пластина тарелки.
Рис.б. Напряжения в боковых стенках тарелок от действия

гидростолба на пластину тарелки.

Р - pressure hydraulie column on the side wall of the tray and
on the tray sheet;

1 - tray sheet.
Fig.6. Stresses in side walls of the trays resulting from

the effect of hydraulic coluin on the tray sheet.
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Рис.7.Расчетная схема для оценки напрявенйй в зоне боковых стенок
тарелок и крышек без учета бокового давления на стенки крышки.

Fig.7. The calculation scheie for evaluation of stresses in the zone
of side walls of the trays and caps uithou allowance for side
pressure on the walls of caps.
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Рис.8. Расчетная схема для оценки напряжений в боковых стенках
крымек от действия перепада давления в горизонтальном
направлении.

Fig.8. The calculation scheae for evaluation of stresses in
Side walls of the trays resulting froe the effect of
pressure drop in horizontal direction.
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Рис.9, Расчетная схема для определения напряжений в вертикаль-
ных -ребрах,расположенных на боковых стенках крышек.

Fig.9. Calculation seheie for the evaluation of stresses in
vertical ribs on the cap side walls.
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1,2- дополнительное ребро; 3-подкладной лист.

РисЛО. Предлагаемый вариант усиления вертикальных ребер на
крынках тарелок.

1,2- additional rib; З-backinß sheet.

Fig.10. fl proposed variant for vertical rib strengthening on
trav caps.
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Рис.11. Расчетная схема для оценки устойчивости плоской формы
изгиба ребер на боковых стенках крышек,а такае боковых
стенок тарелок.

Fig.ii. Calculation scheie for evaluation of stability for flat
bending shape of ribs on cap side walls, as well as
tray side walls.
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1-отраяатель; 2-ребро; 3-подкладной лист; 4-пластина тарелки; 5-боковая стенка крышки

Рис.12. Конструкция крышек с отверстиями на боковых стенках,
располагаемая для снижения перепада давлений на
элементы барботера-конденсатора.

i-reflector ; 2-reb; 3-backing sheet; 4-lray sheet; 5-cap side wall.

Fig.12. fl cap construction with perforations of the side walls,
offered for pressure drop decrease on elements of a
buffler - condenser.
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1- пластина тарелки; 2-подкладной лист; 3-торцевая поверхность тарелки;
в
р
 -расчетная длина сварного шва.

Рис.13. Закрепление пластины тарелки к несущей балке.

1-tray sheet; 2-backing sheet; 3-tray face surface;^-calculated length of
a welding seam.

Fig.13. Tray sheet fastening to a I-beam.
СЛ



76

9n.M

Рис.14. Расчетная схема для определения напряжений от прогиба
промежуточной пластины.

Fig.14. Calculation scheme for the détermination of stresses
fron bending of an intermediate sheet.

1-пластина тарелки; 2-промеяуточная пластина.

Рис.15. Рекомендуемый способ выполнения сварных соединений
пластин тарелок с несущей балкой.

i-tray sheet; 2-interiediate sheet.

Fig.15. fl recommended œode of carrying out a welding joint for
tray sheets with an I-beam.
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1-пластина потолка яруса; 2-ребро жесткости; 3-промежуточная
пластина; 4-дополнительная пластина.
* -в соответствии с черт. АС.277.00.00.00.СБ для ЙЭС "ПнКЯ-1

сварной шов является сплошным.

Рис.16. Крепление пластины потолка яруса к несучим балкам.
I-усиление сварных швов.

i- a plate of the step ceiling; 2- a stiffening rib; 3- an interme-
diate plate; 4- an additional plate.
* according to the drawing AC.277.00.00.00.СБ for NPP "PAKSH-i"
the welding joint is a continuous one.

Fig.16. Fastening the plate of the step ceiling to the load -
carrying beans.

I- strengthening of welding joints.
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1-боковая стенка; 2- ребро яесткости; 3-проиежуточный лист.

Риг;. 17. Крепление боковых стен Парбигерп-конденсспори и
их ребер к несущим балкам.

1- a side wall; 2- a stiffening rib; 3- an intermediate sheet.

Fig.17. Fastening the side walls of a bubbler - condenser and
their ribs to the 1-beaiS.
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Рис.18. Расчетная схема для определения напряжений в ребрах
жесткости потолка яруса.

Fig.18. Calculation seheœe for determination of stresses in
stiffening ribs of a step ceiling.
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Рис.19. Расчетная схема для определения напряжений в промежу-
точной пластине на крайних балках от усилий со стороны
пластины боковой стенки.

Fig.19. Calculation seheœe for determination of stresses of
stresses in an intermediate sheet on outer I-beaœs,
resulting from forces from the side wall sheet.
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i-лист боковой стенки; 2-подкладной лист; 3-дополнительные
короткие ребра; 4-дополнительные ребра.

Рис.20. Вариант укрепления боковой стенки.

1- sheet of the side uall; 2- backing sheet; 3- additional short
ribs; 4- an additional rib.

Fig.20. A variant of side wall strengthening.
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1-лицевая стенка; 2-боковая стенка; 3-ребро; 4-подкладной лист;
5-пластина тарелки; б-пластина потолка яруса.

Рис.21. Соединение лицевой и боковых стенок на крайних балках.

1- a face wall; 2- a side wall; 3- a rib; 4- a backing sheet;
Ti- a tray plate; 6- a plate of a step ceiling.

Fig.21. Binding the face and side walls on outer I-beaœs.
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Рис.22. Расчетная схема для определения критических напряжений
в пластинах тарелки и потолка яруса.

Fig.22. Calculation scheme for the détermination of critical
stresses in tray sheets and step ceilinj».
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1-подкладной лист; 2-дополнительное ребро; 3,4-дополнительные
связи на лицевой и боковой стенках.

Рис.23. Усиление лицевой и боковых стенок.

1- a backing sheet; 2- an additional rib;3,4- additional connections
on face and side walls.

Fig.23. Strengthening the face and side walls.
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1-несущие балки; 2-дополнительные связи для лицевых стенок;
3-дополнительные связи для боковых стенок; 4-лицевая стенка;
5-боковая стенка.

Рис.24. Варианты закрепления дополнительных связей.

i- I-beaœs; 2- additional connections for face walls; 3- additional
connections for side walls; 4- a face uall; 5- a side wall.

Fig.24. Uariants of additional connections strengthening.
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Рис.25. Расчетная схема для определения напряжений в промежу-
точных балках нижнего яруса при АС.

Fig.25. Calculation seheœe for the determination of stresses in
intereedîate I-beaœs of the lower step at accidents.
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Рип.2б. Расчетная схема для определения напряжений в крайних
балках нижнего яруса при flC.

Fig.26. Calculation schete for the determination of stresses in
outer T-beaœs of the lower step at accidents.



!-дополнительная поперечная балка; 2-боковая стенка;
З-ребро жесткости.

Рис.27. вариант усиления крайних С»алок нижнего яруса.

Î- an additional I-beam; 2- a side wall; 3- a stiffening rib.

Fig.27. fi variant of .strengthening the outer I-beaas of the
lower step.
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I-дополнительное продольное ребро;

ц.т. - центр тяжести; ц.и. - центр изгиба.

Рис.си. Варианту укрепления крайних балок нижнего яруса.

Î- an additional longitudinal rîb •
ц.т.- qravity centre; ц.и. - bend centre.

Г i g. 28. fl variant of strengthening outer 1-beaœs of tlie lower
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Рис.29. Нагрузки.действующие на крайние балки верхнего
яруса при АС.

Fig.29. Loads acting on outer I-beaœs of the upper step at
accidents.
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1,2 - дополнительные продольные ребра; 3- попоречная балка.

Рис.30. Вариант укрепления крайних балок верхнего яруса.

1,2 - additional longitudinal ribs; 3-ï-beaœ.

Fig.30. fi variant of strengthening the outer I-beams of the
upper step.
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а) принятая схема нагрукения; б) сечение балки.

P H V . 3 1 . Схем-i нагрукеиий опорной днитлврувой балки при ГРЙСМИ-

ческих воздействиях.

а) - an adopted loadinq scheme :
б) - beaœ cross section.

Fiti.Ъ\. I.nadlnu scheie Гиг <i support flanqe Ï-Ьеаш at seismic
effects.
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(in english)

RULES AND STANDARDS IN NUCLEAR ENERGETICS / 6 /
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1.1.1. The present "Standards for strength design of the
equipment and pipelines of nuclear energetic units" (from now
on being called Standards) must be used to evaluate strength
of the equipment and pipelines of nuclear power plants (NPP),
nuclear heat and electric power plants (NHEPP), nuclear power
plants of heat supply (HSNPP), nuclear power plants of indust-
rial heat supply (IHSNPP) and installations with experimental
and pilot reactors with the coolant temperature not over 873K
(600°C).

1.1.2. The Standards are spread over the equipment and
pipelines, planning, manufacture, mounting and operation of
which are carried out in complete conformity with the Rules
for NEU.

1.1.3. Enterprise or organization, performing the design,
bears responsibility for correct application of the present
Standards.

1.2. Principles taken as a basis of the Standards
1.2.1. Principles of evaluation are taken as a basis of

the adopted in the Standards design methods according to the
following limiting states

1) short-term damage (viscous and brittle);
2) damage under the conditions of creep at static loads;
3) plastic deformation over the whole cross section of a

part;
4) accumulation of the ultimate permissible creep flow;
5) cyclic accumulation of plastic deformation, that re-

sults in nonpermissible change of dimensions or quasistatic
damage;

6) appearance of macrocracks at cyclic loading;
7) stability loss.
1.2.4. Temporal resistance, yield strength, long-term

strength and creep strength (at deformation
limitation) are assumed as the main characteristics of the ma-
terials, used for the determination of values of permissible
stresses.

Permissible stresses are estimated according to the cha-
racteristics given above by introduction of the corresponding
strength reserve.

1.2.5. As a basis of equations applied at calculations of
the main dimensions at choice the method of limited loads,
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corresponding to the following ultimate conditions, is taken:

viscous failure, plastic deformation of the whole cross sec-

tion of the equipment and pipeline, loss of stability and

achievement of ultimate deformation.

2. Main definitions

2.1. Design pressure - maximum excess pressure in the

equipment and pipeline used in calculations of main dimensions,

at which operation of the given equipment and pipeline at NOC

is permitted. For containments of the equipment and pipelines

and protective envelopes under the design pressure maximum ex-

cess pressure is meant which arises in these containments and

envelopes in case of depressurization of the equipment and pi-

pelines being protected.

If the construction element is loaded simultaneously by

the inner and outer pressures, then this pressure difference,

at which the design wall thickness is the maximum one, is ta-

ken as the design pressure."

2.2. Design temperature - the temperature of the wall of

the equipment and pipelines which is equal to the maximum

arithmetic mean of temperatures on its outer and inner surfaces

in one cross section under normal operating conditions (for

sections of nuclear reactor cases the design temperature is

determined with allowance for the inner heat escape as an

arithmetic mean value of temperature distribution over the

thickness of the case wall).

2.5. Starting-up - operating condition during which outer

loads and temperature change from the initial ones up to the

values, corresponding to the steady state conditions. At star-

ting-up the temperature and outer loads can exceede the values

corresponding those at steady state conditions.

2.6. Steady state conditions - operating conditions under

which outer loads and temperatur remain constant in the range

of ̂ 5% of the nominal ones.

2.7. LOCA system operation - operating conditions, under

which due to the response of the accident localization system

by a reason not connected with operational occurrances and ori-

gination of the AC regime, changes of temperatures and outer

loads (towards both the increase and the decrease) occur begin-

ning from the values under steady state conditions, starting-
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up or stop up to the corresponding intermediate ones (in a

particular case up to the atmospheric pressure and temperature),

2.8. Reactor capacity change - operating conditions under

which transition from one steady state regime of the reactor

operation to another occurs (excluding starting-up and stop).

2.9. Stop - operating conditions, under which tempera-

ture and outer loads change from the parameter values of any

of the operating regimes up to the initial ones at starting-up.

2.10. Definition of NOC - see in Appendix 1 to the Rules

for NEU.

2.11. Definition of 00 - see in Appendix 1 to the Rules

for NEU.

2.12. Definition of AC - see in Appendix 1 to the Rules

for NEU.

2.18. 6 - total membrane stresses caused by the effect
on "

of mechanical loads normal to the cross section considered

distributed over the whole cross section and equal to an ave-

rage value of stresses in this section.

2.19.<5TwL - local membrane stresses, caused by the effect

of mechanical loads. Membrane stresses are refered to the ca-

tegory of local ones, if zone dimensions within which the

stresses exceed 1.1 [&] , don't exceed Q.7\/2)(S<) and this zone

is situated not nearer than at 1.7y&J(S-r)to the other area

where stresses exceed JQ] .

2.20. <og - total bending stresses, caused by the effect

of pressure and mechanical loads changing from the maximum po-

sitive values up to the minimum negative one over the whole

cross section and resulting in bending of the vessel case or

the whole pipeline.

5.2. Classification of stresses

5.2.1. While performing verifying design the following

main stress categories are used:

(3 - total membrane stresses:

<SmL - local membrane stresses;

e£ - total bending stresses;

G. - local bending stresses;

<3T - total temperature stresses;

61. - local temperature stresses;

<oK - compensation stresses;
6 - average tensile stresses over the bolt or pin cross

section caused by mechanical loads.
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Additional categories of stresses used at design conduc-

tion coming into the set of the verifying design, are shown

directly in the corresponding subsections.

5.2.10. While performing a veryfying design, stresses of

each design group of stress categories are determined, accor-

ding to which reduced stresses are determined, being correla-

ted to the corresponding permissible stresses.

5.4. Static strength design

5.4.1. While designing the static strength, fulfillment

of strength conditions as applied to the design loads stated

in p.5.1.'3,apart from seismic and vibration loads, and to all

operating conditions, stated in p.5.1.4 is tested.

5.4*2. Stresses, being determined at static strength de-

sign of the equipment components and pipelines must not exceed

the values, shown in table 5.6. The values[<5] , £<°] and (J5]w are

determined according to those in section 3.

5.4.3. Average values of crumpling must not exceed 1.5'/?J
"0,2

If the distance from the edge of the zone of load application

up to the free edge exceeds the dimensions of that on which

the load acts, then the permissible loads may be increased by

25%.

5.4.4. Average tangential stresses, caused by the effect

of mechanical loads must not exceed 0.5 [<o] (in threads

5.4.5. Average tangential stresses, caused by the effect

of mechanical loads and temperature, must not exceed 0.65 fs]

(in threads 0.?>2'Rpo2).

5.4.6. At hydraulic (pneumatic) tests the reduced total

membrane stresses in the equipment or a pipeline must not ex-

ceed 1.35 [0] h , and reduced stresses determined by the sums

of constituents of total or local membrane and total bending

stresses, - 1.7 [<s] . Stresses 6mw in bolts and pins must not

exceed 0.7- R1? .
P0.2

5.4.7. At the evaluation of static strength according to

the stress ranges (&)RVor(<5)RK (see table 5.6) maximum and mini-
mum absolute values of reduced stresses used in the definition

of this category must not exceed &m.

5.4.8. Fulfillment of the requirements of table 5.6 and

p.5.4.7 on stress ranges is not mandatory in those cases when

deformation of the construction shape possible at operation
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and connected with the nonfulfillment of the requirements sta-

ted above, can't influence on the normal operation of the unit

being designed (there is no failure of tightness of different

links; jam of moving parts is absent; there is no impermissible

deformations of going - through sections, defining coolant

flow rate; impermissible deformation of the mating components

is absent etc.).

The necessity of the requirements fulfillment according

to the category groups (0)Rv and (p\K must be stated by the

planning organization.

Table 5.6

The design groups of stress categories

Construction
type

Components
of reactor
cases,steam
generators,
vessels

Pipelines

Compensating
device

Bolts and
pins

Containments
and protec-
tive envi-
lopes

)esign
regime

NOC

00
AC

NOC

00

NOC
00

NOC
00
AC*

i

o u

o § no
•H a
•P-P-H
CO C <D
ta < D , Q
•H 6

3 -H <U
C3 3 £H
(0 D 'r t
CD CJ H
h CO
ftOft

(6"),

£7

i,2/6]
t,4&]

[G]

[3]

[e]

I?]c

CD

O
CD
•P

t,6lp]
Itfe]
1,}>[e]

1,6jk]

—
—
-
-
—

c

-

—
—
—

—

—
—

''TO
—

-

—
—
—

—

—
—

i7r6i

2fl[ef

—

(2,S-/CO2/&)Kr
Pa

not more than
2RPo2

-

—

—

—
—

—
-
-

—

-

not more than

—

-

_

Considered only for reactor cases.
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Appendix 9

Design on seismic effects

1. Generalized response spectra

Generalized respons spectra, given in fig. 119.1 and 119.2

correspond to the platform seismicity of 9, to relative dam-

ping K = 0.02 and are recommended for the equipment and pipe-

lines in the set of unified NPP with WWER-1000. For seismicity

lower than 9 acceleration values, obtained according to fig.

119.1 and 119.2 are multiplied by a recalculation factor from

table 119.1.

Table 119.1

Recalculation factor values

Platform
seismicity

Recalculation
factor

8

0.5

7

0.25

6

0.12

5

0.06

Acceleration values for intermediate marks of the equip-

ment and pipelines may be determined by interpolation.
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IB 18 20 2ZfJa,

Pig.II9.1. Generalized response spectra of horizontal vibrations

at K = 0.02 and platform seismicity of 9.

Pig.119.2. Gereralized response spectra of vertical vibrations

at K = 0.02 and platform seismicity of 9.
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1. GENERAL REGULATIONS

1.1. Rules description

1.1.1. The present Rules are spread on the vessels, ope-

rating under pressure (including hydrostatic) and vacuum (in-

cluding reactor cases and their containments, on steam gene-

rators and heat exchangers), on pump cases and fittings and on

the pipelines of nuclear power plant systems (NPP, HSNPP etc.)

with WWER, PB reactors and installations with experimental and

research reactors of the types pointed out (from now on the

vessels, pump cases and fittings are called "equipment"; and

all nuclear power plants and installations listed are called

NEU-nuclear energetic units) referred to groups A, B and C of

these Rules.

1.1.4. The equipment and pipelines, onto which the present

Rules are spread, are divided into groups A, B and C depending

on the degree of the system effect, the component of which

they are, on the safety of NEU and enter the safety classes 1,

2 and 3 according to the classification of "General positions

in safety provision of nuclear power plants (GPS-88)".

1.1.5. Into group A, referring to the 1st safety class,

come the equipment and pipelines, whose damage is the initial

effect resulting in exceeding the limits of nuclear fuel ele-

ment failure, stated for design accidents, at the design func-

tioning of safety systems as well as the reactor case and pro-

cess lines of any NEU irrespective of the consequences of

their failure.

1.1.6* Into group B, referring to the 2nd safety class,

come the equipment and pipelines, whose failure results in non-

removable by the ordinary locking devices leakages of coolant,

providing for the cooling of the reactor core and requires

starting-up of the safety systems, as well as the equipment

and pipelines of NEU systems with PB reactors, operating in

contact with liquid metal heat-carrier irrespective of the con-

sequences of their failure (except the equipment and pipelines,

referring to group A).

1.1.7. Into group C, referring to the 3rd safety class,

come:

1) the equipment and pipelines not included into groups A

and B, the failure of which results in coolant loss, providing

for the reactor core cooling;
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2) the equipment and pipelines,whose failure results in
failure of one of the safety systems or one of its channels;

3) the equipment and pipelines, whose failure results in
the leakage of high-level or intermediate-level radioactive
media (according to the definition of "Sanitary rules of the
design and operation of nuclear power plants - SRNPP).

Main terms and definitions

Term Definition

Pipelines

Normal operating con-
ditions (for equipment
and pipelines)

Disturbance of normal
operating conditions
(for equipment and pi*
pelines)

Accident (for equip-
ment and pipelines)

Operating pressure

Combination of parts and assembly ele-
ments made of tubes with the components,
referring to them (collectors fittings,
T-junctions, branches etc.) intended
for transport of the operating media
from one unit to another

Operating conditions under the given
regimes envisaged by planned operation
order of NEU (steady state conditions,
starting-up, NEU operation, change of
reactor capacity, stop)

Any deviation from normal operating
conditions (on pressure, temperature,
loads etc.) that requires reactor shut-
down for these deviations elimination
without starting-up of the accidental
cooling of the reactor core

Any deviation from normal operating
conditions, whose after-effects can re-
sult in such a disturbance of the reac-
tor core cooling that the system of ac-
cidental reactor core cooling is requi-
red to be put into operation

Maximum excess pressure in equipment
and pipelines under normal operating
conditions, being determined with al-
lowance for hydrauluc resistance and
hydrostatic pressure
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1. INTRODUCTION

1.1 The report has been prepared within the framework of the IAEA Project TC RER/9/035
"Support of nuclear safety in Central and Eastern Europe".

1.2 The task title: Peer review of the strength calculations of bubbler condenser metallic
structure in the containment of a WWER 440/213 NPP.

1.3 Within the task the following subjects have been considered:

1.3.1 Calculation of the strength of the metallic structure of the bubbler condenser for the
containment of a WWER 440/213 NPP, prepared by Russian designers within a contract with
the IAEA.

1.3.2 Assumptions taken in the calculations as compared with the assumptions adopted in the
IAEA report WWER-SC-095 ( according to the data shown in the Russian report)

1.3.3 Proposed methods of strengthening the bubbler condenser structure from the standpoint
of technical possibilities of their implementation,

1.3.4 The extent of Russian calculations,

1.4 In order to facilitate consideration of conclusions they are presented in the form of tables
and the obtained stresses are compared to the ones allowable according to Russian standards
and suggested in the IAEA guidelines.

1.4.1 Table 1 presents only those calculations of elements and proposed strengthenings in
which there have been differences in opinions of Ukrainian and Russian designers.
Ukrainian side has the same opinion as the Russian designers on all the elements of the
Russian report which are not discussed in the table.

2. DESIGN OF THE BUBBLER CONDENSER

The structure of the bubbler condenser for the containment of the WWER 440/2133 NPP is
shown in Fig. 1 and 2 of the Russian report. Since this design has been described in sufficient
detail in the previous work, its description will not be repeated here.

In the further text we consider specific features of the structure and their influence
on the state of stresses and strains of the bubbler condenser.

The dimensions of the considered structures are taken according to the Russian report
and the previous report of KIEP.



TABLE I

No.

1

1

2

3.

No. of
Sections
in the
Russian
report

2

5.1.1

5.1.2

5.1.3

Element
Name

3

Horizontal
stiffening ribs
of bottom
trays
Ribs in the
middle

As above.
The ribs are
situated on
the sides of
the sheet

As above.
The ribs of
405 mm
length are
situated on
the outer trays

Calculation of Russian experts

MPa

According to
Russian
standards

4

202,5 < [(CT)2]

= 227

256> [(o)2] =
227

112<[(a)2] =
227

According to
IAEA
guidelines

5

202,5 < [(a)2]
= 208

256> [(a)2] =
208

112<[(a)2] =
208

Conclusions

6

Ribs are
acceptable

The ribs are
not
acceptable

Ribs not
acceptable

Calculations of KIEP

kg/cm2

7

178K
[2100]

Conclusions

8

Ribs are
acceptable

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

Loads assumed conservatively. The
width of the tray associated with the
ribs is twice higher than in reality. The
ribs are acceptable

The area of loading associated with the
ribs is twice higher than in reality. The
ribs are acceptable

Loads assumed conservatively. The
width of the tray associated with the
ribs is twice higher than in reality. The
ribs are acceptable



No.

1

4

5

6

No. of
Sections
in the
Russian
report

2

5.2.2.2

5.2.2.3

5.2.2.6

Element
Name

3

Side walls of
the caps
above the
trays

Vertical ribs
on side walls
of the caps

Side walls of
the trays and
caps

Calculation of Russian experts

MPa

According to
Russian
standards

4

local
278<[(a)Rv] =
378

In the centre
98<[(a)2]=
227

2019> [(o)2]
=227

According to
IAEA
guidelines

5

278 <[(a)Rv] =
378

98< [(a)2]=
208

2019> [(a)2]
= 208

Conclusions

6

Strength
requirements
for the sheets
of the side
walls are
fulfilled

Excessive
stresses

Calculations of KJEP

kg/cm2

7

17447 >
[2100]

Conclusions

8

Excessive
stresses

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

Taking into account that the lower edge
of the wall is subject to a concentration
of stresses at triangular cut-outs, and the
local stresses are high, we believe it to
be necessary to consider installation of
additional horizontal rib in the lower
part of the wall

The ribs on the side walls do not satisfy
strength requirements and should be
strengthened according to the proposals
of Russian authors or of KIEP

The changes of cap design proposed by
Russian designers should be considered
(see Fig. 12 of the Russian report) but
they require agreement of the thermal
hydraulic specialists and full scale
experimental confirmation



No.

1

7

8

No. of
Sections
in the
Russian
report

2

5.4.2

5.4.3.2

Element
Name

3

Ceiling plate
(without
accounting for
ribs)

Welded joints
of the ceiling
sheet with
intermediate
sheet

Calculation of Russian experts

MPa

According to
Russian
standards

4

151,6<[(a)2]
= 176
173,3<[(a)2]
=227

T cp= 112,5>
[T] = 88

According to
IAEA
guidelines

5

151,6> [(a)2]
= 139
173,3<[(a)2]
= 208

Conclusions

6

The ceiling
plate can
stand the
assumed
pressure
difference of
30kPa

Stresses
exceed
admissible
values

Calculations of KIEP

kg/cm2

7

1257<
[2100]

1240 <
[1850]

Conclusions

8

The plate
can work
(without
taking
account of
the ribs)

Stresses do
not exceed
admissible
values

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

The question of acceptance of the
ceiling sheet requires detailed
consideration, as the stresses exceed
those recommended as allowable in the
IAEA guidelines

Admissible stresses for the welded
joints have been assumed equal to 88
MPa, and in section 5.3.2 p. 38 of the
Russian report the value of [T] = 114
MPa. If the standard SNiP 11-23-90
"Steel constructions" is taken as the
reference document, then the admissible
stresses in welded joints are [t] = 1850.
According to standards [66] the value of
[x] = 1850. According to standards
[66] the value of [T] = 1850/1.5 x
1.4x0.8 = 1390 kg/cm2, where 0.8
coefficient at welded joints control less
than 10%. The question should be
carefully evaluated, since the work
needed to strengthen these welded joints
will be very large



No.

1

9

10

No. of
Sections
in the
Russian
report

2

5.5.6

5.6.2

Element
Name

3

Intermediate
sheets situated
under and
above the side
wall on
extreme
support beams

Determination
of admissible
forces being
taken over by
the walls of
the tray and
of the ceiling
from front
walls and of
admissible
stresses of the
front and side
walls

Calculation of Russian experts

MPa

According to
Russian
standards

4

a =13343
MPa

Pct = 9760 >
Q = 82920

According to
IAEA
guidelines

5

Conclusions

6

Strengthening
needed in the
zone of
welding of
side walls
with the
support
beams

Strengthening
with
additional
stays needed

Calculations of KIEP

kg/cm2

7

Conclusions

8

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

The calculation is wrong, since in
transmitting loads from the walls
through the stiffening ribs there are no
outward thrusts on the beams. Therefore
there is no need to strengthen the joints
as proposed by the Russian authors

The calculation performed by Russian
authors is applicable to the ceiling
plates. For the plates of the tray it is
necessary to take additionally into
account the mutual relationship of the
horizontal ribs with the tray plate. It is
possible to strengthen the plates of the
trays and of the ceiling as indicated in
Fig. 24B of the Russian calculation.
Fastening of the junction of front and
side walls according to the proposed
schemes is not feasible, because the
passages will be closed in all places of
the tiers. This strengthening should be
realized by welding on of an additional
rib.



No.

1

11

No. of
Sections
in the
Russian
report

2

5.7.2

Element
Name

3

Intermediate
support beams
of the lowest
tier

Calculation of Russian experts

MPa

According to
Russian
standards

4

113<[(a)2] =
235

According to
IAEA
guidelines

5

113< [(a)2] =
156

Conclusions

6

Intermediate
beams of the
lowest tier
can take over
the loads
both in the
case of
hinged joint
and in the
case of
restraint of
facing cross
sections

Calculations of KIEP

kg/cm2

7

Conclusions

8

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

In order to exclude transmission of
vertical loads during DBA from beams
of the lower tier onto the front walls,
they should be rigidly fixed to the
ceiling at the point of from wall
position



No.

1

12

No. of
Sections
in the
Russian
report

2

5.7.5

Element
Name

3

Extreme
support beams
of the lower
tier

Calculation of Russian experts

MPa

According to
Russian
standards

4

a = 3310
a = 2987

According to
IAEA
guidelines

5

Conclusions

6

Fastening of
the extreme
beams of the
lowest tier is
needed in the
horizontal
direction

Calculations of KIEP

kg/cm2

7

Conclusions

8

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

In selection of horizontal loads the
membrane loads from plates of the trays
have been taken into account although
they do not practically exist, since the
trays with the caps work as beams.
There has been also an error in the
assumption of loads due to membrane
stresses in the side walls. The
calculation does not take into account
that the beams are connected with the
walls with the pitch of 2300 mm by
means of I beams (1-20) under the
planes. Therefore all further calculations
of these beams are not correct. Besides
that, in order to avoid transferring the
vertical loads under DBA conditions
from the beams to the side walls, they
should be fastened to the ceiling in the
area of connection of the front and side
walls, and also in one or two spots
along the side wall. It is only after
fulfilling these conditions that it will be
possible to consider the necessity and
the methods of strengthening the beams
in horizontal direction.



No.

1

13

No. of
Sections
in the
Russian
report

2

5.7.6

Element
Name

3

Outer support
beams of the
second and
higher tiers

Calculation of Russian experts

MPa

According to
Russian
standards

4

According to
IAEA
guidelines

5

Conclusions

6

The beams in
the higher
tiers are
loaded more
than those of
the lowest
tier

Calculations of KIEP

kg/cm2

7

Conclusions

g

Comments to the calculation of Russian
experts and to the proposals of structure
strengthening

9

The comments given above apply also
to those beams, with the exception of
the necessity to fasten them to the
ceilings



4. CONCLUSIONS

4.1 The present report includes the results of the peer review of strength calculations of the elements
of bubbler condenser in the containment of a WWER 440/213 NPP, performed by Russian
specialists within a contract with the IAEA.

4.2 The objective of the work was to determine the elements of the bubbler condenser,, which
should be strengthened according to the documents in force and to show the possible ways of
realization of the strengthening.

4.3 Generally the calculations have been performed on a high level, using large extent of technical
literature. Many elements have been calculated using various method, which made it possible to
determine the most pessimistic cases for the load carrying capability of the structure..

4.4 The analysis of the results has shown, that in order to fulfill the strength criteria and to ensure
reliable operation of the whole structure of the bubbler condenser it is necessary to strengthen the
following elements:

1. Side walls of the caps above the trays, by means of a horizontal rib in the lower part of the wall
( position 4 , tabl. 1)

2. Vertical ribs on side walls of the trays ( pos. 5, tabl. 1)

3. Ceiling plate ( does not fulfill conditions for admissible stresses recommended by IAEA, pos.
7 tabl.l)

4. Welded joints of the ceiling plates with the intermediate plate ( pos. 8 tabl. 1)

5. Plates of the trays and ceiling in the region of contact with the side walls and the joint of the
front and side walls ( pos. 10, table 1)

6. Intermediate support beams of the lowest tier ( pos. 11, table 1)

7.. Extreme support beams of the lowest tier ( pos,. 12 table 1)

8. Extreme support beams of the second and higher tiers ( pos.. 13, table 1)

9. Welded joints , connecting tray plates with the support beams ( described in point 5.3 of the
Russian report).

4.5 Realization of the recommended strengthening of the elements listed above will make it possible
at assumed loads to fulfill practically all strength criteria and seismic strength criteria determined
in the standards in force in Russian Federation and Ukraine and recommended by the IAEA.
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ADDITIONAL COMMENTS
TO THE STRENGTH CALCULATIONS OF BUBBLER CONDENSER STRUCTURE

IN WWER 440/213 CONTAINMENT
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KIEP, Kiev, Ukraine
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Introduction

This report includes additional comments to the peer review of the strength
calculations of the bubbler condenser structure in the WWER 440/213 containment.

The proposals concerning calculations of bubbler condenser elements, methods of
fastening the elements doubtful from the standpoint of strength, of welded joints and loads
determination, provide additional material to the previous comments presented by KIEP during
IAEA Consultants Meeting in Vienna in the period of 12-16 June 1995.

5.1 Horizontal stiffening ribs in the tray bottom plate.

The calculations showed that the stresses in the horizontal stiffening ribs situated in
the middle of the bottom plates are allowable.

In the calculations of horizontal stiffening ribs situated on the sides of the bottom
plate the loads are incorrectly assumed. When this assumption is corrected, the ribs are under
smaller loads than the ribs in the middle of the bottom plates. They operate under easier
conditions and therefore the stresses are also allowable.

The horizontal stiffening ribs of the length 405 mm situated at the edges of the tray
bottom plate have allowable stresses.

In the chapter 5.3 there is a calculation of the tray sheet, performed by two different
methods, without taking into account the horizontal stiffening ribs. The assumptions
concerning edge fastening are different in each of these calculations. Both calculations show
that the tray bottom plate can work without stiffening ribs. Therefore it is proposed to
conclude, that the horizontal stiffening ribs in the tray bottom plates are needed for structural
purposes rather than for strength calculations.

5.2 Vertical side walls of the trays with stiffening ribs.

According to the calculation scheme adopted, the walls of the trays and caps provide
a single span beam with hinged fastening to the supports. The calculations of separate
elements have shown what follows:

In the side walls of the trays, assuming the vertical ribs can work, the stresses reach
278 MPa. There is no calculation of the stresses in the lower free edge of the wall (where
triangular cutouts act as stress concentrators) which will be subject to compressive stresses in
the system of the beam and which is not protected by anything from the loss of stability.



Installation of an additional horizontal rib in the lower part of the side walls of the trays will
not only decrease stress concentrations in the triangular cutouts of the wall, but also will
improve the behaviour of the tray side walls, which serve as the beam for the tray bottom
plate. This issue should be given much attention. Additional calculations are recommended,
in which all components of loads will be considered along with the complex thin-wall
structure of the trays.

Temperature stresses and deformations can be neglected, since they do not appear at
the same time as the peak loads due to pressure differences.

Vertical stiffening ribs on the tray walls must be strengthened. The method of
strengthening shown in Fig. 10 is difficult to realize. It is recommended to provide
strengthening according to the picture drawn below. (Fig. A)

It is not established, whether additional horizontal ribs (in addition to those existing
now) above the caps are necessary. If the analysis shows that they are needed to increase the
tray stability in conditions of medium sloshing during seismic events, then one possible
solution would be to consider to provide additional vertical connections in the locations of
existing ribs. (Fig.B)

5.3 Bottom tray sheet and the welding joint with the intermediate sheet. Welded joints
between the intermediate sheet and the load carrying beam. Intermediate sheet.

The calculation of the tray bottom plate has been performed with two methods,
including different assumptions as to the edge restraints and without taking account of the
horizontal ribs. The calculations showed, that the stresses are allowable and there is no need
to reinforce the plate.

Local stresses in the sections of joints of the plate with the draining pipes should be
calculated in each separate case.

Welded joints fixing the trays to the intermediate plate are sufficient and do not require
strengthening. This has been shown in calculations in which temperature deformations were
taken in to account, although they practically do not exist, for the maximum pressure peak
occurs much before the heat up of the structure.

The intermediate plate, which transmits loads from the trays to the load carrying
beams, is connected to the beam by means of two angle welded joints of h=3 mm. According
to the calculation the stresses in these joints are very high due to bending of the plate. In
order to avoid strengthening of the intermediate plate and the welded joints, it is possible to
recommend welding the tray bottom sheet across a slot directly to the load carrying I beam,
as shown in Fig. 15, but to exclude additional plate between the two trays, which was
recommended to strengthen the structure against temperature deformations.

It is proposed to consider the case of fastening the trays by means of welding
additional ribs to the cap walls with direct transmission of loads through the intermediate
plate on the welded joint of its fastening to the load carrying beam. ( Fig. C)
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5.4 Ceiling sheet with stiffening ribs and the intermediate plate.

The stiffening ribs of the ceiling plate are calculated for pressure difference 0.03 MPa
and the corresponding stresses exceed the allowable ones. Nevertheless, when the plastic
deformations are taken into account one can see, that these ribs will be deformed and will
cooperate with the ceiling plate.

The ceiling plates were calculated without taking into account the unloading influence
of the ribs and it was shown that they satisfy all strength requirements, except that the value
of [o]l = 151.6 MPa, while the value recommended by the IAEA is 139 MPa. However,
considering that the span of the plate taken in calculations was 1950 mm, while more exact
analysis could show it to be 1875 mm, and considering cooperation of the ceiling plate with
the ribs, one can expect that the the detailed calculation will show that the ceiling plate can
work without additional strenghtening.

The stresses in the welded joints of the ceiling plate with the intermediate plate are
equal to [x]l= 112.5 MPa, which is more than the value taken as admissible one in the
calculations, namely 88 MPa. The latter value can be discussed. According to the standard
SNiP 11-23-90 "Steel constructions", being in force in Russian and in Ukraine, which gives
admissible stresses in the welded joints equal to x = 185 MPa, and according to the standard
[6] providing the methods of determination of admissible stresses in welded joints subject to
limited control, we get

T = 185/1.5 x 1.4 x 0.8 = 138 MPa.
where 0.8 - coefficient taking into account the fact that the welded joint was controlled in less
than 10% of its overall length.

The question of choosing the right values of admissible stresses should be carefully
considered, since the amount of work needed to provide strengthening of the welds is very
large.

In any case, the question whether the welded joints between the ceiling plate and the
intermediate plate, and between the intermediate plate and the load carrying beam, are
sufficient needs a detailed consideration.

In the calculations the loads transferred to the ceiling plate from the ribs of the face
walls should be taken into account or excluded by suitable design measures.

5.5 Side walls with vertical stiffening ribs

The calculation of the vertical stiffening ribs was performed assuming that they are
rigidly fixed to the supports. This assumption should shown to be true by calculations of the
supports. The stresses in the side walls with the existing spans are allowable. The vertical
stiffening ribs of the side walls according to the calculations do not satisfy strength
requirements. Besides increasing the number of ribs it is recommended also to consider the
possiblity of their strengthening by increasing the moment of resistance. The strengthening
should be performed in those sections of the ribs, where such strengthening has been shown
to be necessary.



In calculations of rib stressses it is not necessary to taken into account temperature
deformations , since they will occur much after the initial pressure difference peak.

If the vertical stiffening ribs are made strong enough (by increasing the strength of the
existing ribs or adding new ones), then there will be practically no outward thrust from the
side wall onto the intermediate plates above and below . Therefore there will be no need to
add a new continuous welded joint between the intermediate plate and the ceiling plate.

The calculations of the welding of supporting parts of the vertical stiffening ribs should
be performed and if necessary the length of the welded joints should be increased, with
welding on of additional local shapes.

5.6 Face wall with vertical stiffening ribs

The statement given in the calculations that the vertical stiffening ribs are calculated
analogically to the stiffening ribs of the side walls is in principle incorrect, because the
stiffening ribs of the face walls are supported at the ends on ceiling and bottom plates of the
trays, and cannot be considered as rigidly fixed. Therefore the calculation of the vertical
stiffening ribs of the face walls should be performed assuming hinged fastening at supports,
with the exception of those stiffening ribs which are supported at load carrying beams.

According to the calculations the vertical stiffening beams do not satisfy strength
requirements. Besides possible increase of the number of these ribs it is recommended to
consider the possibility of their strengthening, with an increase of the moment of resistance.
The strengthening should be done on the sections where the calculations show that it is
necessary.

According to the calculations neither the ceiling plates not the tray plate can take
horizontal loads, transmitted from the vertical stiffening ribs. These loads should be therefore
excluded by means of appropriate design measures ( see fig. D)

The junctions of upper and lower angles of the face walls, ceiling planes and trays
should be calculated andl, if needed, strengthened by introducing additional elements ( see
Fig. D).

The stability of the junction between the face and side walls should be calculated and,
if necessary, improved ( see fig. E).

5.7 Load carrying beams. Calculation of static loads

According to the calculations the stresses in the intermediate load carrying beams of
the second and higher floors are allowable.

The intermediate beams of the lowest floor can take loads acting on them during
normal operation and under accident conditions, but they should be fixed to the reinforced
concrete walls in the region on contiguity of the face wall, so as to exclude possible
transmission of the loads from the beams to the walls at the beams bending. One of the
possible solutions to prevent these loads from acting on the face walls consists in installing



additional pillars between the beams of the first and second floor, between the pillars of the
second and third floor etc, as needed to counteract the loads by means of the own weight of
the bubbler condenser floors.

It is possible to install these pillars together with additional stiffening ribs of the face
walls or strengthening of the existing ribs.

The outermost beams of the lowest floor are loaded similarly as the beams of the
intermediate floors. They are subject to the loads due to the pressure difference across the tray
bottom and take over additional horizontal loads from the side wall under accident conditions.

Calculations of these beams have been performed assuming that they are free on the
whole length. In reality in the NPP Paks and in Rovno NPP these beams are fixed to the
reinforced concrete walls every 2.3 m by beams carrying working platforms. Besides that, in
calculating horizontal loads on load carrying beams the authors considered outward thrust
from the tray bottom plate, which in reality will not occur, since the trays with caps work as
hingedly fixed beams. The vertical loads due to membrane stresses in side walls have been
also erroneously assumed ( in reality they do not exist).

The calculation of load carrying beams should be performed taking into account the
facts given above. It is necessary to verify the load carrying capability of the existing platform
carrying beams and their fastening to the reinforced concrete walls. If necessary, they should
be strengthened.

If additional fastening of the load carrying beam is needed, they can be interconnected
in horizontal plane as shown in Fig. F.

Vertical stiffening ribs of side walls in the lower floors should be recalculated for
additional loads, which are due to the pressure difference acting on the bottom plate of the
trays during LOCA.

The outermost load carrying beams of the second and higher floors are subject to
vertical weight loads ( water, own weight of the structure etc), to horizontal loads from side
walls and outward thrusts of the ceiling plates under accident conditions due to pressure
difference.

The beams of all floors are fixed to the reinforced concrete walls by means of
platform carrying beams similarly as in the lowest floor. Their calculations should be done
similarly as that of the beams of the lowest floor.

In plant specific analyses it is necessary to perform calculations of the transverse load
carrying beams in the corridor, their fastening to the embedded details in the reinforced
concrete walls and the load carrying capacity of embedded details.
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Applicability of Russian (SverdNIIchiminash) Calculations

Compared to the original designs, bubbler condensers of the

Bohunice and Mochovce NPPs (WER 440/213) are equipped with

different steel wall reinforcing elements. The layout of trays

in bubble condenser pools (10 rows with 17 pcs each with

a spacing of 700 mm) is different from that original.

Materials were used mostly in compliance with CSN standards

and their strength parameters are the same or even better than

those used in accordance with the original design and, con-

sequently, application of the same allowable stress values as

having been used in SverdNIIchimmash Yekaterinburg stress

analysis is more conservative.

On principle our analysis issued from the same procedure as

having been applied by SverdNIIchimmmash.

Also bubbler condenser upgradings aimed at enhancement of

condenser capabilities to withstand overpressures of 30 kPa are

considered in a similar scope as in the aforementioned Sverd-

NIIchimmash analysis.

Entirely identical were upgradings such as modifications of

cap stiffening, through-welding of supporting plate between the

I-600-beam and the bottom, stiffening of side walls with ribs

placed from inside, application of additional wind bracing in

order distribute forces from the front wall, stiffening of

bubbler pool corners with console supports to I 600 flanges.

From the recommended options of torsion absorption in utmost

I-600-beams of lower and upper pools, we incline to the inter-

connection to the adjacent existing I-beam; the interconnection

of the steel structure with the bubbler condenser concrete

building is in our opinion less suitable.

Our option of front wall stiffening is shown in Fig 1 and

ceiling stiffening is considered in compliance with Fig 2.

On the front wall, there are original V-shaped reinforcing

ribs with additional flat irons 200x6. For such a complicate



profile I x = 284.05 cm
4, W x = 27.19 cm

3. Between them ir-shaped

reinforcements are proposed to be installed and from outside,

against these reinforcements flat iron 200x6. For this profile

Ix = 958.93 cm
4, Wx = 114.75 cm

3.

Distribution of load alternately to more and less rigid ribs

is considered in a ratio of their flexural rigidity:

b-L EIX 284.05

b 2 EI 2 958.93

b x = 0.296 b 2

bl + b 2 = 60°

1.296 b 2 = 600

b 2 = 462 mm

b-̂  = 138 mm

The upper bubbler condenser pool with a maximum height

(3776 mm) has been analysed. Load due to overpressure coming to

a less rigid rib

q-L = 0.03 X 138 = 4.14 Nmm"1

and to a more rigid rib

q2 = 0.03 x 462 = 13.86 Nmin"
1.

The corresponding bending moments are as follows:

qx x 3776
2

Ml max = = 4 9 1- 9 1 x 1 Q 4

12

2q2 x 3776

12

M2 max = ~ 1 6 4 6- 8 2



The maximum bending moments in less rigid ribs are

491.91 x 104

CTi mav = = 180.92 MPa

2.719 X 104

and in more rigid ribs

1646.82 x 104

a2 max - = 1 4 3- 5 1 M P a

11.475 X 104

On the ceiling, the original V-shaped reinforcing ribs are left

for which Ix = 66.67 cm
4, Wx = 10.04 cm

3. To reduce load coming

to 1 rib, the number of ribs should be doubled in compliance

with Fig 2. In that case the load coming to 1 rib

q = 350 x 0.3 = 10.5 Nmm"1

induces the maximum bending moment

>2
10.5 x 1950

12

= 332.72 x 104 Nmm.

Maximum bending- stress is

,4
332.72 x 10

,4
amax = = 331.39 MPa < 378.

1.004 x 10

In relation to the necessity of support stainless plate

through-weld between the I-600-beam and the bubbler condenser

pool bottom (to eliminate excessive loading due to bending

stress) it should be noted that a similar situation is also on

the pool ceiling and, consequently, the same modification of

the present structure should be applied.
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